



































































Discoveries	 and	 the	 Portuguese	 Expansion	 under	 the	 scientific	 supervision	 of	 Dr.	
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permitiram	 reunir	 as	 condições	 necessárias	 ao	 desenvolvimento	 de	 uma	 nova	 fonte	
económica:	a	produção	e	o	comércio	de	têxteis.	Os	governantes	Safávidas	viram	nesta	
conjuntura	 a	 oportunidade	 de	 desenvolver	 a	 indústria	 iraniana	 de	 tapetes,	
respondendo	às	exigências	e	competitividade	do	mercado	internacional.	Este	trabalho	
desenvolve-se	em	torno	desta	 transformação,	procurando	compreender	o	 seu	efeito	
na	produção	de	 tapetes	persas	dos	 séculos	XVI	e	XVII	e	determinar	 como,	quando	e	
onde	teve	lugar,	através	da	colecção	de	tapetes	islâmicos	em	Portugal	e	EUA.	
A	abordagem	interdisciplinar	adoptada	neste	estudo	recorre	a	História	da	Arte,	
História	 e	 Ciências	 da	 Conservação,	 para	 se	 focar	 no	 estudo	 do	 contexto	 artístico	 e	





	 A	 investigação	 histórica	 reconhece	 a	 complexidade	 dos	 contextos	 políticos,	
económico	e	cultural	durante	os	períodos	Safávida	e	Mogol	em	que	se	desenvolvem	
inovações	na	indústria	de	tapetes,	enquanto	o	estudo	histórico-artístico	identificou	os	
desenvolvimentos	 resultantes	 da	 nova	 tipologia	 de	 tapetes	 através	 de	 uma	 análise	
sistemática	 dos	 59	 tapetes	 selecionados.	 A	 análise	 técnica	 e	 material	 permitiu	
aumentar	 a	 informação	 relativa	 aos	 processos	 de	 produção	 e,	 consequentemente,	
obter	resultados	mais	precisos	acerca	da	sua	origem	e	contexto	de	produção.	O	estudo	
do	 design	 dos	 tapetes	 e	 das	 suas	 representações	 em	 pinturas	 permitiu	 traçar	 a	
evolução	 do	 tipo	 e	 desenvolver	 uma	 cronologia	 de	 produção.	 Em	 conjunto	 os	
resultados	 obtidos	 oferecem	uma	 abordagem	nova	 e	 abrangente	 para	 compreender	
este	problemático	grupo	de	tapetes,	permitindo	a	interpretação	do	papel	do	produtor	
e	consumidor	durantes	os	séculos	XVI	e	XVII.	
Este	 trabalho	 contribui	 para	 um	melhor	 conhecimento	 do	 impacto	 de	 novas	
redes	 de	 comércio	 no	 desenvolvimento	 de	 uma	 das	 maiores	 formas	 de	 expressão	





















and	 Conservation	 Science,	 focused	 on	 the	 study	 of	 the	 art	 historical	 and	 historical	
contexts	surrounding	their	production	and	consumption,	as	well	as	a	close	analysis	of	
stylistic	 features,	 decorative	 materials	 and	 technical	 components,	 supported	 by	
science,	as	a	complementary	tool	for	assessing	the	spatial	and	temporal	dimensions	of	
their	 production,	 while	 establishing	 the	 role	 played	 by	 the	 Portuguese	 and	 other	
European	markets	in	encouraging	the	creation	of	new	types	of	carpets	for	export.		
The	historical	research	recognized	the	complex	political,	economic	and	cultural	
background	 during	 the	 Safavid	 and	 Mughal	 periods	 that	 set	 the	 stage	 for	 carpet	
industry	innovations,	while	the	art	historical	identified	the	subsequent	development	of	
the	 new	 carpet	 type	 through	 a	 comprehensive	 survey	 of	 the	 59	 selected	 carpets.	
Technical	 and	 material	 analysis	 achieved	 a	 more	 detailed	 understanding	 of	
manufacturing	processes,	 thus	delivering	more	accurate	results	regarding	their	origin	
and	 context	 of	 production.	 The	 study	of	 carpet	 designs	 and	 their	 painted	depictions	
allowed	to	trace	the	evolution	of	the	type	and	to	develop	a	chronology	for	production.		
Together	the	results	of	this	combined	methodology	offer	new	and	broader	insights	to	
the	understanding	of	 such	a	problematic	 type	and	allowed	 the	 interpretation	on	 the	
role	of	the	producer	and	consumer	between	the	16th	and	17th	centuries.	
This	 study	 contributes	 to	 a	 better	 understanding	 of	 the	 impact	 of	 the	 new	
overseas	 trade	 networks	 in	 the	 development	 of	 one	 of	 the	 great	 forms	 of	 artistic	
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Bartolomeu	 Dias	 (ca.	 1450-1500)	 succeeded	 in	 connecting	 the	 Atlantic	 and	 Indian	
oceans	by	sea.1	Sailing	round	the	western	coast	of	the	African	continent	he	travelled	as	
far	as	the	Cape	of	Good,	a	route	that	would	later	be	used	in	1498	by	Vasco	da	Gama	in	
his	 epic	 voyage	 to	 India.2	As	 a	 result	 of	 this	 momentous	 development,	 a	 variety	 of	
goods	and	products	circulating	in	the	Indian	Ocean	began	to	arrive	in	Lisbon.		
This	profitable	trade	network	operated	through	a	wide	range	of	locations,	from	
the	 Persian	 Gulf	 as	 far	 east	 as	 China.	While	 the	 trade	 of	 perishable	 goods,	 such	 as	
spices,	 can	only	be	 traced	 in	historical	 sources	or	 in	 the	occasional	 shipwreck,	 other	
more	 durable	 products,	 such	 as	 ivory3,	 metalwork4,	 ceramics5,	 lacquer6	and	 even	
textiles,7	offer	 material	 evidence	 of	 this	 trade.	 According	 to	 Pedro	 Teixeira,	 textiles	
gained	increasing	prominence	in	the	17th-century	cargoes	and	Portuguese	ships	were	
laden	with	 products	 from	 Iran	 and	 India.8	This	 increasing	 interest	 in	Asia	 in	 Portugal	
and	elsewhere	in	Europe	led	to	important	develops	in	production	in	Iran	and	India.		
	 This	 chapter	 begins	 by	 looking	 at	 the	 political	 and	 economic	 interactions	
between	Portugal	 and	 Iran	 and	 India	during	 the	16th	 and	17th	 centuries.	 It	 aims	 to	
assess	the	commercial	importance	of	textiles	in	the	export	trade	to	Portugal	and	other	
European	countries,	 such	as	 the	Netherlands,	particularly	knotted-pile	 carpets.	After	
looking	at	the	economic	interactions	that	encouraged	the	development	of	the	carpet	









8 	Pedro	 Teixeira,	 Reis	 da	 Persia,	 1604:	 “Three	 areas	 of	 Persia	 manufactured	 carpets,	 which	 the	





to	 clarify	 the	major	 features	of	 Persian	 and	 Indian	 carpets:	 firstly,	 by	understanding	







1495-1521)	 describes	 himself	 as:	 ‘Lord	of	 the	 conquest,	 navigation,	 and	 commerce	of	
Ethiopia,	Arabia,	Persia	and	India’.9	This	title	summarizes	the	ambitious	political	agenda	
he	had	 for	his	 reign.	 From	ancient	 times	Portugal	 had	 commercial	 and	 cultural	 bonds	
with	 the	 Mediterranean10	and,	 by	 1500,	 overland	 contact	 extended	 well	 beyond	 the	
region.	Pilgrims	 travelled	 regularly	 to	 Jerusalem,	while	Portuguese	 Jews	and	Christians	
voyaged	to	the	Middle	East	and	Southeast	Asia.	Here,	they	came	into	contact	with	the	








	 Long	 before	 the	 Portuguese	 arrived	 in	 1501,	 the	 kingdom	 of	 Hormuz	 exerted	
considerable	control	over	maritime	trade	and	commercial	activities	between	the	Persian	




11	“The	Ottoman,	 Safavid	and	Mughal	 states	 are	 characterized	here	as	Muslim	empires	because	 they	
were	ruled	by	Muslim	dynasties,	whose	individual	monarchs	embraced	Muhammad’s	revelation	and,	to	









commerce	 in	 many	 other	 coastal	 cities	 linked	 to	 overland	 trade	 networks. 14 	This	




“From	 India,	 come	 all	 the	 spices,	 drugs	 and	 stones	 and	many	 cotton	 clothes,	
mats	 and	 red	 burnished	 stones.	 From	 Malacca,	 clove,	 apple,	 walnut,	
sandalwood,	 camphor,	 porcelain,	 beijoim	 and	 tin.	 From	 Bengal,	 several	 fine	
cotton	 cloths	 (…)	 From	 Alexandria	 and	 Cairo,	 mercury,	 vermilion,	 saffron,	


















Figure	 I.	 1:	 	Map	 of	 the	Muslim	 Empires	 territory	 in	 1700.	Published	 by	 Dale,	 2010.	Portugal	 and	 the	
	
	 10	
	 Hence,	Hormuz	was	a	center	 for	 trade	 in	 luxury	and	high	quality	products	 that	
attracted	an	international	clientele,	promoting	wealth	and	prosperity	in	the	Persian	Gulf	




successful	 incursions	 into	 several	 Arab	 cities	 on	 the	 East	 African	 coast,	 Albuquerque	




Portuguese	 authorities	 and	 the	 Safavid	 Shah	 Ismail	 I	 (r.	 1487-1524).20	Accordingly,	 as	
Cunha	 explains	 in	 a	 letter	 to	 Viceroy	 D.	 Francisco	 de	 Almeida	 (1505-1509),	
Albuquerque	mentioned	 that	 what	 struck	 him	most	 about	 the	 Safavids	 was	 a	 new	
form	of	Islam	and	the	red	cap	worn	by	members	of	the	Qizil-Bash21,	along	with	their	
swift	conquest	of	Iran.22			









20	During	 the	 first	 voyage	 of	 Afonso	 de	 Albuquerque	 to	 Ormuz	 the	 Portuguese	 commenced	 to	 have	
relations	with	the	Kingdom	of	Shah	Ismael	I	(1502-1524).	In	the	days	after	Afonso	de	Albuquerque	forced	
the	 king	 of	Ormuz,	 and	 his	 first	minister,	 Coge	 Atar,	 to	 agree	 to	 pay	 King	Manuel	 of	 Portugal	 fifteen	
thousand	 xarafins	 of	 gold	 in	 tribute	 each	 year,	 (…)	 he	 received	 the	word	 of	 Coge	 Atar,	 that,	 (…)	 two	
ambassadors	 of	 the	 king	 of	 Xiraz	 (Shiraz)	 had	 arrived	 asking	 for	 the	 tribute	 (…).	 Coge	Atar	 desired	 to	
know	what	reply	to	return	to	the	ambassadors”	by	Smith,	Ronald	B,	1970,	The	first	age	of	the	Portuguese	
embassies,	navigations	and	peregrinations	in	Persia	(1507-1524),	p.	10.	










political	 orientation	 in	 relation	 to	 Portugal’s	 two	 major	 enemies:	 the	 Egyptian	
Mamluks	and	the	Ottomans.	In	a	letter,	Albuquerque	reported	this	encounter	to	King	
Manuel	 and	 outlined	 the	 advantages	 of	 establishing	 a	 political	 alliance	 with	 Shah	
Ismail	 I.	 He	 sent	 the	 letter,	 together	 with	 gifts	 from	 Mir	 Abu	 Ishaq,	 one	 of	 the	
ambassadors,	to	the	king.23		
	 Later,	 in	 1515,	 Albuquerque	 became	 concerned	 at	 the	 prospect	 of	 losing	
Hormuz	to	the	Safavids	and	returned	to	the	island.24	It	was	only	in	1515,	however,	that	







	 Afonso	 de	 Albuquerque	 tried	 to	 consolidate	 the	 commerce	 of	 the	 Portuguese	
empire	by	promoting	the	trade	of	spices	and	luxury	items	in	Hormuz	and	Indian	ports.	
Arab	horses	and	textiles	were	among	the	goods	that	suited	the	taste	and	demands	of	
consumers	 from	Europe,	 India	and	 the	Middle	East.27		The	nature	of	 commerce	 in	 the	
																																																								
23	Cunha,	2011,	p.	17.	
24	Floor,	Willem;	Hakimzadech,	 Farhad,	 2007,	 “The	Hispano-Portuguese	 empire	 and	 its	 contacts	with	
Safavid	persia,	the	kingdom	of	homuz	and	Yarubid	Oman	–	a	bibliography	of	printed	publications	1508-
2007”,	in	Acta	iranica,	43,	p.	XIII.	












during	 the	 Safavid	 period.28	The	 encouragement	 of	 these	 relations	was	mainly	 due	 to	









Lisbon	 became	 a	 new	 link	 for	 direct,	 unmediated	 transfers	 of	 spices	 with	Western	
Europe.	 As	 result,	 in	 1580,	 Lisbon	 joined	Venice	 and	 Seville	 to	 become	 a	 significant	
European	capital	 in	a	worldwide	exchange	 system	 that	 included	Europe,	Asia,	Africa	
and	the	Americas.31		
	 Albuquerque	 targeted	 the	 growth	 of	 trade	 by	 fulfilling	 demanding	 tastes	 and	
patterns	of	 consumption	of	 “exotic”	quality	products	 to	markets	 in	 Europe,	 the	West	
and	 South	 Asia.32	Despite	 the	 incomplete	 information	 on	 the	 contents	 of	 exported	
cargoes,	 it	 is	 possible	 to	 determine	 that	 pepper,	 ginger,	 cinnamon,	 cloves,	 nutmeg,	




28	Dicionário	 da	História	 dos	 Descobrimentos	 Portugueses,	 1994,	 vol.	 II,	 p.	 890:	 “D.	 Duarte	Meneses,	
sends	Baltazar	Pessoa,	 together	with	António	Tenreiro,	 to	 lead	 the	embassy	direct	 to	Persian	court	 in	
September	 of	 1523.	 (…)	 In	 1549,	 Indian	 governor,	 Jorge	 Cabral,	 sends	 Henrique	 de	 Macedo	 as	 an	
ambassador	to	met	Shah	Tahmasp	I”.		




32	A	 roupa	de	Bengala	 vale	muito	 em	Malaca	 porque	 é	mais	 valia	 em	 todo	o	 Levante	 by	Magalhães,	













control	 of	 the	 luxury	 trade	 in	 Hormuz	 for	 over	 century.	 	 Inherently,	 the	 Portuguese	
contribution	 to	 the	 expansion	 of	 these	 economic	 encounters,	 whether	 by	 maritime	





The	 establishment	 of	 the	 overseas	 route	 from	 Europe	 to	 India	 in	 1498	 not	 only	
strengthened	 maritime	 trade,	 but	 also	 confirmed	 that	 European	 technology	 lagged	















fibers	and	filaments	 for	use	 in	yarn	or	preparation	of	woven,	knitted,	 tufted,	or	nonwoven	fabrics,	 (2)	
yarns	made	from	natural	or	man-made	fibers,	(3)	fabrics	and	other	products	made	from	fibers	or	from	
yarns,	and	(4)	apparel	or	other	articles	fabricated	from	the	above	which	retain	the	flexibility	and	drape	
of	 the	 original	 fabrics.	 This	 broad	 definition	 will	 generally	 cover	 all	 of	 the	 produced	 by	 the	 textile	
industry	 intended	 for	 intermediate	 structures	 of	 final	 products”	 in	 Needles,	 1981,	 p.	 1-2;	 The	 term	
textiles	here	should	be	 read	as	 follows:	 textiles	 is	 the	generic	 term	used	by	commodity	 to	designate	a	










Indian	Ocean.	 From	September	 to	 January,	dealers	 from	 the	Red	Sea	would	acquire	
cotton	 fabrics	 from	 manufacturing	 cities	 and	 villages	 in	 Gujarat.	 Merchant	 cargoes	
would	leave	ports	like	Cambay,	Diu	and	Surrat	to	be	sold	in	Ormuz,	Mascat,	Aden	and	
Jedda	markets.41	Similarly,	the	Portuguese	greatly	appreciated	Indian	textiles	made	of	
cotton;	 thus	 taking	 an	 active	 interest	 in	 this	 trade	 in	 the	 Indian	 Ocean.	 In	 the	 first	
decades	of	the	17th	century,	therefore,	cotton	textiles	from	India	were	imported	via	
the	 Cape	 of	 Good	 Hope	 by	 Portuguese	 ships.	 Their	 cargoes	 aimed	 to	 match	 the	






of	 Iranian	 knotted-pile	 carpets	 had	 already	 been	 recognized	 during	 the	 first	
encounters	between	the	Portuguese	and	the	Safavids	in	the	16th	century.44		
	 The	 Safavid	 period	 (1501-1722)	 is	 renowned	 as	 the	 golden	 age	 of	 textile	
weaving	in	Iran.	During	this	time	a	variety	of	silk	textiles,	velvets,	metal	thread	textiles,	















centers	 was	 famous	 for	 producing	 specific	 types	 of	 textiles,	 including	 knotted-pile	
carpets,	long	valued	for	their	texture,	warmth	and	appealing	colors	and	patterns.	
	 Iranian	carpets	became	more	accessible	to	wealthy	European	consumers	in	the	
early	 17th	 century,	 with	 Shah	 ‘Abbas	 I’s	 active	 interest	 in	 developing	 trade	 with	
European	countries.	Their	popularity	also	increased	the	competitiveness	of	the	Iranian	
carpet	 industry	 in	 relation	 to	 the	 Ottoman	 one	 that,	 with	 the	 production	 of	 wool	









The	 16th-century	 Iranian	 economy,	 like	 centuries	 before,	 was	 in	 part	 based	 on	 the	
production	and	 trade	of	high	quality	 textiles.47	During	 the	Timurid	period	 (1389-1508)	
gold	weaving	continued	at	centers	such	as	Tabriz,	Kashan	and	Herat.	With	Safavid	royal	
patronage	of	gold	weaving	and	weavers,	especially	under	Shah	Abbas	I	(r.	1587-1629),	












p.	 5-6,	 (CC.	 I-10-60):	 “Sending	 to	 D.	 Manuel	 I	 the	 gift	 brought	 by	 Goa’s	 ‘king’	 ambassador’s;	 gift	
description:	horse	saddle	and	blankets,	very	 richly	decorated	with	gold	and	silk	embroideries,	and	silk	
fabrics	 popular	 in	 that	 area,	 and	many	 rich	 hats	 and	 other	 things	 and	 a	 red	 hats,	 with	 a	 tall	 sort	 of	
turban”.			
48	Term	is	 introduced	as	“	 integrated	weave	structures”	by	Emery,	1995,	p.159-160	as	follows:	“When	









	 Around	 1549,	 the	 exile	Mughal	 ruler	Humāyūn	 returned	 to	 India	with	 two	 of	
Shah	Tahmap’s	finest	artists	Mir	Sayyid	Ali	and	Abd	al-Samad,	who	worked	with	Hindu	
and	Muslim	painters	to	establish	the	Mughal	School	of	painting.51	In	the	17th	century,	
a	 distinctive	Mughal	 style	 of	 high	 technical	 and	 artistic	 quality	 emerged.	 It	 included	
magnificent	carpets	displaying	lattice	and	flowering	designs.																																								
	 Production	 costs	 were	 greatly	 affected	 by	 the	 materials,	 colors,	 weaving	
techniques	and	designs.	As	a	result	only	the	wealthiest	workshops	had	access	to	the	high	
quality	materials,	 craftsmanship	 and	 sophisticated	 designs	 necessary	 to	 produce	 the	
finest	works.	It	 is	possible	that	urban	workshops,	which	enjoyed	the	patronage	of	the	
court	 and	 the	 ruling	 elite,	 had	 the	 necessary	 resources	 to	 produce	 objects	 of	 fine	
quality	 and	with	 the	most	 sumptuous	designs.	 This	 textile-based	economy,	however,	





The	 conquest	 of	 the	 cities	 of	
Tabriz	 (1501)	 and	 Herat	 (1507),	
particularly,	 had	 a	 tremendous	
impact	 on	 the	 arts	 of	 the	 Safavid	
Empire.	 For	 much	 of	 the	 15th	
century,	 two	 predominant	 and	

















	 The	 Timurid	 style	 seen	 in	 paintings	 and	 book	 bindings	was	 based	 on	 designs	
with	 strong	 relations	 between	 symmetrical	 framing	 devices,	with	 overlapping	 leaves	
and	 floral	 motifs.	 This	 style	 was	 defined	 by	 very	 fine	 brush	 strokes	 and	 complex	
compositions,	which	were	developed	at	the	Tabriz	court	workshop,	the	main	center	of	
artistic	production	at	this	time.		
At	 the	 end	 of	 the	 15th	 century,	 the	 Timurid	
style	 was	 distinguished	 by	 small	 scale	 and	
dense	 floral	 forms,	which	 can	be	 seen	 in	 the	
arts	of	 the	book	 (figure	 I.	4).53	Meanwhile,	 to	
the	west,	at	Herat,	a	more	regional	style	with	
brighter	 colors	 and	 geometrical	 shapes	
became	 popular.	 The	 Turkman	 artists	
developed	 more	 carefully	 drawn	 works	 with	
varied	patterns,	which	did	not	enjoy	the	same	
appeal	 on	 international	 markets	 as	 the	
Timurid	style.		
	 The	new	Safavid	style	drew	from	both	
artistic	 traditions	 and	 was	 initially	
characterized	 by	 very	 detailed	 work	 with	
decoration	 based	 on	 human	 and	 animal	
figures	 surrounded	 by	 filler	 elements,	 along	
with	 Chinese	 clouds	 and	 several	 vine	 scroll	
layers.	In	addition,	these	vegetal	and	floral	motifs	were	incorporated	into	geometrical	
framing	 devices	 such	 as	 elliptical	 and	 star	 medallions,	 polilobed	 and	 quatrefoil	





Figure	 I.	 4:	 Detached	 frontispiece	 from	 a	
dispersed	 copy	 of	 the	 Khamsa	 (Quintet)	 by	
Amir	 Khusraw	 Dihlavi.	 Iran,	 Tabriz,	 17th	
century),	 Safavid	 period,	 ca.	 1530-1540.	 [F|S	





	 The	 first	 ruler	 whose	 legacy	 left	 a	 mark	 on	 the	 arts	 for	 future	 Safavid	
generations	was	Shah	 Ismail	 I	 (r.	1501–24).	His	 interest	 in	the	arts,	especially	poetry,	
turned	him	into	a	significant	sponsor	of	the	arts	of	the	book.	Art	forms	from	his	time	
reflect	 activities,	 such	 as	 hunting	 and	polo,	 connected	 to	 his	 itinerant	 life	 style.	 This	
taste	is	also	found	in	other	forms	of	art	such	as	carpets	or	bookbinding,	although	some	





Figure	 I.	 5:	 	 Bookbinding	 cover.	
Iran,	 17th	 century.	 Detail	 of	 an	
arabesque	 split-leaf	 scroll,	 with	





(Iran,	 17th	 century),	 in	 wool,	 silk	
and	metal-wrapped	thread.	Detail	
of	 an	 arabesque	 split-leaf,	 with	
winding	 tendrils	 [Private	
collection].	 Published	 by	 Santos,	
2010.	
Figure	 I.	 7:	 	 Ceramic	 tiles	 on	
the	 exterior	 of	 the	 Shrine	 of	
Shaykh	 Safi,	 Ardabil.	 Detail	 of	
an	 arabesque	 split-leaf,	 with	
winding	 tendrils	 [Shrine	 of	
Shaykh	 Safi,	 Ardabil].	 Musee	
du	Louvre		
	 Later,	 Ismail’s	 son	 and	 successor,	 Shah	 Tahmasp	 (r.	 1524–76),	 also	 became	 a	
strong	supporter	of	 the	arts.	Shah	Tahmasp	dedicated	much	of	his	 life	 to	sponsoring	
and	 encouraging	 the	 exchange	 of	 ideas	 between	 artists	 from	 Tabriz	 and	 Herat.	 The	
best	artists	not	only	worked	for	the	court	but	also	travelled	with	the	shah.	This	enabled	







many	 of	 these	 designs	were	most	 likely	 created	 in	 court	 ateliers.55	This	 is	 especially	
apparent	 in	 the	 arts	 of	 the	 book	 and	 in	 commissions	 Tahmasp	made	 of	 sumptuous	
carpets.56	The	 unmistakable	 quality	 of	 the	 carpets	 produced	 at	 this	 time	 is	 seen	 not	
only	in	their	technical	features	but	also	in	the	materials	used,	which	had	a	great	impact	
on	 the	 final	 result.	 Instead	of	 cotton	or	wool	 for	 the	 foundation,	 silk	 threads,	which	
were	 finer	 and	 more	 resistant,	 were	 introduced	 into	 the	 pile	 and	 foundation,	
increasing	the	knot	density	and	thus	the	detail	of	the	decorative	motifs.			
	 At	 times	 when	 enemies	 were	 constantly	 threatening	 the	 very	 shape	 of	 the	
empire,	the	visual	unity	created	by	Tahmasp	in	the	arts	represented	more	than	simply	
an	 aesthetic	 choice	 and	 sent	 a	 clear	 and	 intimidating	 message	 of	 Safavid	 power.	
Nevertheless,	 the	 constant	 warfare	 with	 the	 Ottoman	 Empire	 and	 loss	 of	 large	
amounts	of	 land	in	the	first	half	of	the	16th	century,	 including	Tabriz,	the	capital	and	
largest	city	in	Iran,	led	Tahmasp	to	shift	the	capital	of	the	empire	to	Qazvin	in	1555.		
	 Tabriz	 continued	 to	 serve	 as	 the	 commercial	 capital	 and	where,	 as	 stated	 by	
Thompson,	 “carpets	with	 the	medallion	 design	 probably	 continued	 to	 be	woven”.57.	
Manuscript	 painters	 were	 brought	 to	 court	 workshop	 in	 Qazvin,	 while	 carpets	 of	


















palace.	 This	 development	 meant	 a	 shift	 in	 royal	 patronage	 and	 decentralization	 of	
artistic	support	as	artists	 joined	other	workshops	throughout	 Iran	or	migrated	to	the	
Ottoman	 or	Mughal	 empires.	With	 the	 succession	 of	 Shah	 Abbas	 I,	 the	 royal	 court,	
once	again,	took	on	a	central	role	in	the	patronage	of	the	arts.		
	 Abbas’s	 legacy	 reveals	 a	 growing	 concern	 for	 using	 the	 arts	 to	 project	 and	
express	the	wealth	and	grandeur	of	the	Safavid	Empire.	As	a	result,	a	new	vocabulary	
was	created	under	his	reign	in	which	human	and	animal	figures	were	replaced	by	floral	
motifs	 in	a	more	expanded	scale.	This	new	aesthetic	was	applied	 to	a	wide	 range	of	
media,	and	lead	to	the	creation	of	a	homogeneous	royal	style,	which	was	fully	affirmed	
in	 1598	 when	 the	 capital	 Qazvin	 was	 transferred	 to	 Isfahan.58 	Shah	 Abbas’	 new	















Aware	 of	 the	 high	 demand	 of	 international	 markets	 for	 textiles,	 Abbas,	 a	 weaver	
himself,	promoted	the	luxury	silk	trade	to	increase	the	competitiveness	of	the	Safavid	
industries	–	including	carpet	production	–	especially	in	relation	to	Ottoman	production	
as	 confirmed	 by	 previous	 studies:	 “So	 Shah	 Abbas	 hoped	 to	 involve	 the	 European	
powers	 in	 Persian	 affairs	 both	 as	 trading	partners	 and	 as	 potential	 allies	 against	 the	
Turks	by	diverting	the	current	of	the	silk	trade	from	the	Levant	to	the	Persian	ports	at	









of	Spain	and	 II	of	Portugal,	estimated	 the	number	of	household	at	2.500	 to	3000,	of	
which	 200	 were	 Portuguese. 62 	The	 lucrative	 trade	 through	 Hormuz	 caught	 Shah	
Abbas’s	 attention.	 The	 strong-willed	Abbas	 could	 not	 tolerate	 the	 Portuguese	 assets	
and	profits	in	what	he	considered	to	be	Persian	territory,	particularly	during	his	plan	to	




Ocean	 routes,	 Abbas	 had	 privileged	 and	 direct	 access	 to	 new	 European	 and	 Asian	
																																																								
59	“(…)	 the	 force	 settlement	 of	 a	 large	 number	 of	 Armenians	 in	 the	 Persian	 capital,	 Isfahan,	 by	 Shah	
‘Abbas	 I	 (1587-1629)	 from	1604,	which	was	decisive	 for	 their	 fortunes	 in	 Persia.	 (…)	 Those	 in	 Isfahan	










markets.	 The	 Iranian	 carpet	 industry	 decreased	 its	 costs,	 while	 also	 maintaining	
reasonable	 quality	 and	 its	 dimensions	 to	 appeal	 to	 external	 markets.	 Background	
motifs	used	earlier	were	reinvented	on	a	 larger	scale	and	given	more	prominence,	 in	
carpet	design.	Thus,	 the	creation	of	a	new	carpet	 type	woven	using	more	affordable	
materials	 (cotton	 warps	 and	 wefts	 instead	 of	 silk)	 in	 court	 ateliers	 and/or	 in	
commercial	workshops	across	the	territory	arose	as	a	highly	feasible	solution.		
	 Moreover,	 cities	 like	 Tabriz,	 Kashan,	 Isfahan,	 Yazd	 and	 Kirman,	 where	 carpet	
production	was	 active,	 could	 provide	 the	means	 for	 traditional	motifs	 of	 the	 Iranian	
artistic	 vocabulary	 to	 be	 prepared	 and	 reinterpreted	 by	 painters	 into	 sophisticated	
compositions	of	endless	variations	before	being	delivered	to	carpet	weavers.	Certainly,	
“the	 revolutionary	 nature	 of	 these	 new	 floral	 designs	 and	 their	 sheer	 beauty	made	
them	highly-prized	imports”64,	features	that	seem	to	fit	the	‘Indo-Persian’	carpet	type.	





In	 the	 16th	 century	Humayun	 brought	 a	 number	 of	 painters	 from	 Iran	 to	 India;	 this	
development	greatly	influenced	the	Mughal	court	style	and	carpets	began	to	be	made	
in	the	Persian	style.	With	the	arrival	of	Europeans	at	the	Mughal	court,		Humayun’s	son	
Akbar	 (r.	 1556–1605),	 encourage	 the	 adoption	 of	 a	 new	 naturalism	 in	 Mughal	 art,	
which	merged	the	Indian	and	Iranian	traditions	to	create	a	new	and	dynamic	pictorial	
language.		
Akbar	 secured	 the	 northern	 and	 central	 territories	 of	 India,	 including	 the	
prosperous	 Gujarat	 sultanate	 in	 the	 west,	 and	 established	 a	 strong	 governmental	
system.	 He	 was	 a	 great	 patron	 of	 the	 arts	 of	 the	 book,	 establishing	 a	 royal	 atelier,	
initially	in	Fathepur	Sikri	near	Agra,	then	at	Lahore,	where	he	commissioned	illustrated	
manuscripts	 with	 a	 mixture	 of	 Iranian	 and	 Indian	 elements. 65 	However,	 as	









	 In	 the	 17th	 century	 during	 the	 reign	 of	 his	 son	 Jahangir	 (r.	 1605-27),	 Indian	
painters	found	an	ardent	patron	of	the	arts.	The	rivalry	between	the	Mughals	and	the	
Safavids	 is	 represented	 in	 an	 allegoric	 group	 portrait	 entitled	 ‘Jahangir’s	 Dream’,	 an	
iconic	 example	 of	 how	 Jahangir	 try	 to	 uphold	 and	 legitimate	 his	 Muslim	 heritage	
through	art	(Figure	I.	9).67	The	ruler	is	seen	embracing	Shah	Abbas	I	on	a	globe,	on		
which	a	lion	and	a	lamb	lie	side	by	side.		
	 Jahangir’s	 patronage	 was	
predominantly	 focused	 on	 painting,	 but	 his	
support	extended	to	other	art	forms,	and	the	
Persian	 weavers	 who	 came	 to	 the	 	 Mughal	
court	 during	 Akbar’s	 reign,	 continued	 to	 be	
active.68	As	 a	 result,	 the	 knotted-pile	 carpet	
tradition	 reached	 a	 peak	 of	 technical	
perfection	 with	 the	 realization	 of	 a	 unique	
Indian	 style,	 which	 displayed	 characteristic	
Mughal	themes,	such	as	local	flora	and	fauna.	
	 Like	 his	 father,	 Shah	 Jahan	 (r.	 1628-
58)	 commissioned	 many	 protraits	 of	
members	 of	 the	 Mughal	 dynasty. 69 	His	
artistic	 patronage	 became	 more	
comprehensive	 and	diffused	over	 the	whole	
field	 of	 fine	 and	 decorative	 arts.	 The	 result	













compassionately	 embraced	 his	 young	 and	
compliant	 brother	 Abbas.	 India,	 c.1618.	





textiles,	 that	 maintained	 the	 previous	 style	 by	 incorporating	 Iranian	 and	 Indian	
elements	simultaneously.		
	 These	 ‘Indo-Persian’	 elements	 can	 be	 found	 in	 the	 16th-	 and	 17th-century	
carpets	 included	 in	 this	 study.	 The	 earliest	 known	 usage	 of	 the	 term	 ‘Indo-Persian’	
associated	with	 carpets	 can	be	 found	 in	Daniel	Walker’s	 1982	publication.70	One	 can	
speculate	 that	 some	authors	have	used	 the	word	 ‘Indo-Persian’	 in	 reference	 to	 such	
carpets	 in	 recent	 years	 with	 the	 intention	 of	 avoiding	 a	 confused	 terminology,	 and	
clearly	signalling	that	the	origin	of	the	carpets	was	not	secure.		
	 The	 adoption	 of	 the	 term	 ‘Indo-Persian’	 by	 modern	 academics	 is	 used	 to	
describe	other	contexts	(political	or	economic)	that	trace	back	to	at	least	the	13th	and	
14th	centuries,	when	texts	written	in	Persian	language	began	to	appear	in	India.71	It	is	
believed,	 however,	 that	 the	 usage	 of	 the	 word	 ‘Indo-Persian’	 flourished	 during	 the	
Mughal	dynasty	 (1526-1858),	descendent	 from	 the	Timurids	 (1389-1508),	when	“the	
wealth	 of	 the	 subcontinent,	 and	 the	 proliferation	 of	 power	 centres	 there	 led	 to	 the	




Madras.73	Naturally,	 the	 close	 political	 connections	 between	 the	Mughal	 and	 Safavid	
courts	extended	to	the	arts	and	carpets	belonging	to	the	‘Indo-Persian’	type	appear,	at	
first	glance,	to	reflect	the	courtly	style	of	both	geographical	spaces.	As	a	result,	 their	
origins	 are	 unclear,	 and	 the	 next	 chapter	 (Chapter	 II)	 will	 attempt	 to	 form	 a	 better	
																																																								
70	“Many	 Indian	 rugs	 did	 not	 remain	 long	 in	 India,	 however,	 Portuguese,	 Dutch	 and	 English	 trading	
companies	all	vied	for	 Indian	merchandise,	 including	rugs,	either	for	retrading	 in	the	East	 Indies	of	 for	
disposition	 in	 Europe.	 Indian	 rugs	 became	highly	 soughtafter	 status	 symbols	 in	 European	homes,	 and	
rugs	of	the	Indo-Persian	class	are	frequently	depicted	in	Western	paintings“	in	Walker,	1982,	p.	253.	
71	Yarshater,	 2006,	 p.	 53:	 “(...)	 in	 the	 era	 of	 the	 Delhi	 Sultanate	 (q.v.)	 during	 the	 late	 13th	 to	 14th	
centuries.	It	was	in	Delhi	itself,	the	capital	of	this	expanding,	if	habitually	unstable,	kingdom,	that	most	
of	the	early	Persian-language	histories	were	written.	However,	 it	was	particularly	during	the	preceding	
Ghaznavid	era	 (997-1186:	q.	 v.)	when	Muslim	armies	penetrated	deep	 into	 the	 Indian	heartland,	 that	
poets	 and	 scholars,	 writing	 in	 Persian,	 began	 settling	 in	 northwestern	 India	 in	 significant	 numbers,	
founding	 the	 Persian-language	 tradition	 of	 scholarship	 in	 the	 subcontinent.	 (…)	 Persian-language	
scholarship	 stagnated	 after	 Timur	 destroyed	 the	 Delhi	 Sultanate	 in	 1398,	 but	 revived	 and	 expanded	
exponentially	 during	 the	 years	 of	 the	 Timurid-Mughal	 dynasty	 (1526-1739).	 In	 this	 later	 period	 Indo-
Persian	historiography	became	a	vibrant,	multi-faceted	tradition	of	scholarship,	including	autobiography,	












King	Manuel’s	 ambitions	 to	 secure	 the	 profitable	 spice	 trade	 in	Malabar	was	 a	 vital	
factor	in	establishing	and	consolidate	the	Portuguese	plan	of	extending	its	cultural	and	
commercial	 reach	 beyond	 the	 Iberian	 Peninsula.	 The	 king’s	 sponsorship	 provided	
skilled	sailors	with	the	means	to	navigate	successfully	new	routes,	granting	access	to	
foreign	lands,	peoples	and	products.	Via	Cape	of	Good	Hope,	the	newly	discovered	sea	
route	 revealed	 the	 existence	 of	 a	 dynamic	 maritime	 inter-port	 trade	 in	 the	 Indian	
Ocean.	Other	than	spices,	the	assorted	variety	of	products	exchanged	between	India,	
Oman,	 Iran	 and,	 in	 particular,	 the	 Persian	 Gulf,	 included	 Arab	 and	 Persian	 horses,	
pearls,	 textiles	 and	goods	of	 the	 finest	quality.	Afonso	de	Albuquerque	was	quick	 to	
understand	the	economic	potential	of	Portuguese	involvement	in	this	trading	context.	
Albuquerque’s	military	and	strategic	skills	succeed	in	bringing	King	Manuel’s	aspiration	
of	 an	 overseas	 empire	 into	 a	 reality	 and	 to	 include	 important	 settlements	 in	 these	
geographical	locations.		
	 The	 Portuguese	 focused	 on	 the	 demands	 for	 luxury	 products	 in	 Europe,	
responding	 to	 new	 tastes	 and	 creating	 novel	 patterns	 of	 consumption.	 With	 the	
consolidation	of	the	sea	route	to	 India	the	demands	of	wealthy	European	consumers	
for	fine	quality	carpets	could	be	now	fulfilled.	Dyeing	and	weaving	technologies	were	
less	 developed	 in	 Europe.	 Thus,	 cotton,	 woollen	 and	 silk	 products	 rapidly	 turn	 into	
highly	profitable	goods	in	this	international	trade.		
	 Not	surprisingly,	knotted-pile	carpets	made	of	silk	and	precious	metal	 threads	
where	 among	 the	 most	 lavish	 textile	 commodities	 that	 made	 their	 way	 into	 royal,	
aristocratic	 and	 palatial	 settings.74	Safavid	 and	 Mughal	 carpet	 industries	 benefiting	














The	great	majority	of	 Islamic	 carpets	 in	Portugal	 can	 immediately	be	 identified	 from	
their	 red	 background	 and	 symmetrically	 organized	 vine	 scrolls,	 while	 also	 sharing	
colors	and	decorative	schemes.	However,	despite	sharing	similar	features,	they	can	be	
sorted	 into	different	 types,	namely:	 i)	 ‘small	 silk	Kashan’	 (16th	century);	 ii)	 ‘Tree	and	
Animal’	 (16th	 century);	 iii)	 ‘Indo-Persian’	 (c.	 17th	 century),	 iv)	 ‘Salting’	 (16th	or	 17th	
centuries)1	(Appendix	C),	and	v)	Indian	(17th	to	18th	centuries).		
	 Objects	belonging	to	the	third	type	comprise	the	world’s	largest	public	collection	
of	 ‘Indo-Persian’	 carpets.	 They	 share	 similar	 technical	 and	 aesthetic	 features.	
Understanding	the	group	requires	appreciation	of	how	carpets	are	made,	as	well	as	of	
specific	 features	of	 their	design.	This	chapter	begins	by	 looking	at	 the	manufacturing	
process	of	knotted-pile	carpets,	followed	by	the	characterization	of	the	so-called	‘Indo-






The	 production	 of	 knotted-pile	 carpets	 requires	 significant	 organization,	 time,	
enormous	resources	and	a	high	 level	of	 skills.	The	effective	combination	of	all	 these	
elements	will	 have	a	direct	effect	 in	 the	object’s	 structural	 features	and	 its	pictorial	




system	for	 raising	alternate	warps,	a	harness	 in	effect,	 is	 termed	the	“heddle”.	A	shed	stick,	a	narrow	
board	or	 lath,	 is	used	to	open	a	passage	through	which	the	shuttle,	carrying	weft	 is	passed.	A	reed,	a	
form	of	comb	the	width	of	the	loom,	may	be	used	to	compress	the	wefts”	in	Stone,	1997,	p.	136.		
 28	








	 In	 the	 carpet	 literature	 the	 term	
‘knot’	designates	the	interlacement	around	
the	warps	of	yarn,	which	 forms	the	pile	of	
the	 rug.5	 There	 are	 different	 knot	 types	
(figures	 II.	 2	 and	 II.	 3);	 for	 some	 the	 term	
‘knot’	 is	 contradictory	 as	 the	ends	 are	not	
twisted	 about	 each	 other	 and	 drawn	 tight	
as	 in	 a	 true	 knot.6	 This	 is	 the	 case	 of	 the	
asymmetrical	knot	open	to	left	(also	known	
as	 the	 Persian	 knot)	 frequently	 found	 in	
Iranian	 and	 Indian	 carpets	 from	 the	
Classical	 period.	 The	 knots	 are	 applied	one	 after	 the	other,	 each	 corresponding	 to	 a	
point	in	the	carpet	knot-plan	(figure	II.	4).7	This	procedure	is	followed	by	one	or	more	





















	 The	 excellence	 of	 a	 design	 is	 dependent	 on	 the	 choice	 of	 materials	 used	 to	
produce	a	carpet:	 fibers	 (pile	and	foundation)	and	dyes	 (colored	fibers).	Through	the	
study	of	classical	carpets	it	is	acknowledged	today	that	both	vegetable	and	animal	fibers	
were	used.	These	can	be	found	in	the	foundation	and	pile	in	different	combinations,	for	
example:	1.	 Silk	 and	 cotton	 (foundation)	 and	wool	 (pile)	 (see	Appendix	C,	 figure	2),	 2.	




the	 pile	 density,	 which	 in	 turn	 affects	 the	 execution	 of	 more	 sophisticated	 designs.	
Certainly,	 one	 would	 expect	 symmetrical	 knots	 to	 be	 safer	 as	 their	 ends	 are	 pulled	
together	 between	 two	 warp	 threads	 (figure	 II.	 2).	 However,	 asymmetrical	 knots	 have	
considerably	less	volume	as	only	one	side	of	the	knot	is	wrapped	around	the	warp	thread	























executed	 using	 a	 hand-held	 spindle	 (figure	 II.	 6)	 or	 mechanical	 spinning	 wheel.	 The	
process	 of	 plying	 entails	 combining	 single	 threads	 –	 twisting	 them	 together	 in	 the	
opposite	 direction	 in	 which	 they	 were	 spun	 following	 the	 direction	 indicated	 by	 the	
central	bar	of	the	letter	Z	and	S	(figure	II.	5	and	II.	7).		
	 	
	 The	 number	 of	 strands	
(i.e.	 Z2S	 or	 Z9S)	and	 their	 tension	
are	therefore	two	major	conditions	
to	 be	 considered	when	 looking	 at	
yarn	 variation,	 as	 both	 have	 a	
direct	 effect	 on	 its	 thickness.10	
Thus,	 the	 knot	 density	 is	 also	
influenced	 by	 the	 yarn	 structure.	
																																																						
9	“(...)	yarns	are	continuous	strands	made	up	of	textile	fibres,	and	the	fibre	is	the	basic	physical	structure	
or	element,	which	makes	up	textile	products.	Each	 individual	 fibre	 is	made	up	of	millions	of	 individual	
long	 molecular	 chains	 of	 discrete	 chemical	 structure.	 The	 arrangement	 and	 orientation	 of	 these	
molecules	 within	 the	 individual	 fibre,	 as	 well	 as	 the	 gross	 cross	 section	 and	 shaped	 of	 the	 fibre	
(morphology),	will	affect	fibre	properties,	but	by	far	the	chemical	structure	of	the	long	molecular	chains	







several	 cables.	 Published	 by	
Thompson,	1993.	
Figure	 II.	 6:	 Spinning	wool	with	 a	
spindle	 in	 Turkey.	 Published	 by	
Stone,	1997.	
Figure	 II.	7:	 Scheme	of	Z	and	
S	 spun.	 Published	 by	 Stone,	
1997.	
	




Likewise,	 the	 high	 cost	 of	 labor	 and	materials	were	 significant	 in	 the	 final	 step	 in	 the	
chain	of	fiber	preparation:	dyeing.	This	craft	 involved	high-skilled	individuals	capable	of	
using	the	natural	dyestuff	available	to	produce	a	beautiful	palette	of	fast	colors	(figure	II.	
8).	 From	 different	 plants	 or	 insects	 a	 skilled	 dyer	 has	 the	 knowledge	 to	 extract	 and	
produce	 a	 palette	 ranging	 yellows,	 oranges,	 reds,	 pinks,	 blues,	 greens	 and	 browns.	






	 As	 discussed	 by	 several	 authors	 craft	 habits	 rarely	 change,	 differences	 in	 the	
interlacing	 structure	 of	 the	 knot,	 warp	 and	 weft,	 together	 with	 dyeing	 are	 likely	 to	















12	 “The	workshop	 themselves	were	 sometimes	 staffed	 by	 craftsmen	 in	 the	 direct	 employment	 of	 the	









Carpets	 belonging	 to	 the	 ‘Indo-Persian’	 group	 share	 similar	 technical	 and	 aesthetic	
features,	displayed	in	objects	with	various	dimensions,	ranging	from	approximately	two	
to	thirteen	meters	 in	 length	(see	carpet	26.277,	appendix	D).	The	designs	are	achieved	







Figure	 II.	 10:	 Example	 of	 workshop	 or	 town	







Figure	 II.	 11:	 Example	 of	 workshop	 or	 town	









from	Chinese	 art	 (table	 I.	1).	 These	 are	displayed	 intertwined	within	 layers	 of	 delicate	
vine-scrolls	 commonly	 exhibited	 on	 red	 fields	 in	 numerous	 variations.	 In	 addition,	
palmettes,	chenar	 leaves	or	 lotus	flowers	facing	inwards	and	outwards	are	displayed	 in	
an	undulating	rhythm	in	blue	or	green	borders.	The	replication	and	level	of	complexity	




design	 composition.	 The	 vast	 majority	 display	 field	 designs	 based	 on	 a	 symmetrical	
quarter	 plan	developed	 in	 book	 illumination	 and	 seen	 also	 in	 court	 carpet	production	
(figure	II.	12	and	II.	13).17	
	 The	 relatively	high	quality	of	 the	weaving	 is	 noticeable	 from	 the	well-resolved	
corners	where	 a	motif	 is	 neatly	 placed	 on	 the	 diagonal,	 together	 with	 the	 successful	
achievement	of	 curved	and	diagonal	 lines	which	 represent	a	considerable	challenge	 in	
weaving	(figure	II.	12).	This	is	further	visible	in	the	richness	of	the	color	palette,	ranging	
																																																						
















from	 eight	 to	 twelve	 different	
colors	 (hues).	 These	 features	
suggest	 they	 were	 likely	
produced	 in	 a	 workshop,	 which	
was	 reasonably	 well	 organized	




their	 precise	 circumstance	 of	
production	 (origin)	 –	 whether	 they	 were	 made	 in	 Iran	 or	 in	 India,	 or	 how	 the	
transformation	in	design	occurred	for	the	 ‘Indo-Persian’	type,	and	when,	remains	to	be	
solved.	Moreover,	the	large	numbers	that	survive	until	today	in	western	collections,	place	








Ardabil	 carpet	 in	 the	 Victoria	 and	 Albert	 Museum	 (London)	 (Appendix	 C),	 which	
displays	 a	 date	 (1539-40),	 although	 no	 consensus	 concerning	 its	 origin	 has	 been	









Figure	 II.	 12:	 Image	 of	 single	
quarter	 plan	 belonging	 to	
object	 10Tp	 from	 MNAA,	
Lisbon	
Figure	 II.	 13:	 Carpet	 design	
quarter	scheme	.	
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	 Conversely,	 few	 European	 written	 sources	 are	 known	 for	 providing	 reliable	
information	on	 Iranian	or	 Indian	 carpet	production,	 as	 Friedrich	 Sphuler	has	pointed	
out,	 there	 is	 only	 one	 European	 17th-century	 reference	 that	 confirms	 the	 precise	
location	 of	 manufacture	 of	 a	 particular	 carpet	 type	 in	 Iran	 –	 the	 so-called	 “Polish”	
carpets	 –	 and	 that	 is	 the	 order	 of	 carpets	 from	 the	 King	 of	 Poland	 to	 weavers	 in	
Isfahan.20	Other	references	to	carpets	merely	indicate	production	in	a	particular	place,	
without	mention	to	what	kinds	of	carpets	were	made	there	(apart	from	the	occasional	
reference	 to	 their	 quality	 or	materials).21	Moreover,	 carpets	were	major	 commercial	
products	 that	 circulated	widely	 through	 the	 Islamic	world.	 Thus,	 no	 assumption	 can	
ever	be	made	regarding	their	origin	based	on	the	places	where	they	were	being	sold.	
One	must	 remember	 that	while	 their	 use	was	 strongly	dependent	on	 the	 context	of	
their	 original	 production,	 they	 could	 still	 be	 sold	 elsewhere	 and	 resold	 again	 in	
different	places	and	at	different	 times.	Therefore,	 the	 study	of	 the	historical	 and	art	
historical	 contexts	 surrounding	 the	 production	 and	 consumption	 of	 ‘Indo-Persian’	
carpets	is	required.		
	 The	 studies	 from	 Charles	 Grand	 Ellis22	 or	 Friedrich	 Spuhler23	 around	 carpet	
classification	 in	 the	 20th	 century	 brought	 to	 light	 a	 more	 systematic	 pursuit	 for	
questions	of	origin	and	date.	Attempts	to	associate	carpets	with	productions	centers,	
while	 recognizing	 their	 design	 chronological	 evolutions	 have	 been	 made	 using	
historical	 carpets.	May	Beattie’s	and	Steven	Cohen’s	works	offer	 important	evidence	














particularly	 for	 questions	 of	 origin	 and	date.25	 It	 is	 known	 that	 fibers	 and	dyes	were	
sourced	 from	geographic	 regions	near	production	centers.	Hence,	understanding	 the	
type	of	materials	used	to	produce	a	carpet	or	how	they	are	prepared	can	reveal	groups	
of	carpets	and	their	general	or	specific	 location	of	production26.	However,	the	 lack	of	




sources	 with	 knowledge	 of	 the	 technique,	 materials	 and	 styles	 of	 the	 carpets	
themselves,	 to	 look	 at	 how,	when,	where	 and	why	 these	 carpets	were	made,	 or	 to	
explain	the	presence	of	such	high	number	of	extant	examples	in	Portugal.	
	 For	 questions	 of	 dating,	 the	 situation	 is	 hindered	 by	 the	 absence	 of	 any	
inscription	or	related	information	that	could	be	used	to	confirm	their	production	date.	
The	 work	 developed	 by	 Jessica	 Hallett	 on	 Islamic	 carpets	 in	 Portugal	 based	 on	
Portuguese	 written	 and	 pictorial	 sources,	 however,	 has	 revealed	 some	 important	
information	 for	 beginning	 to	 tackle	 questions	 regarding	 the	 production	 of	 ‘Indo-
Persian’	carpets.28	Written	sources	offer	important	historical	evidence	that	attests	the	
arrival,	high	cost	and	appreciation	for	these	objects.29	Some	inventories	even	provide	
physical	descriptions,	while	accounts	of	 the	Asian	products	 that	berth	 in	Lisbon	16th	
and	17th	centuries	provide	the	prices	of	Islamic	carpets.30		
	 Pictorial	sources,	on	the	other	hand,	provide	an	excellent	means	for	tracing	the	
















objects	 in	 European	 paintings.33	Moreover,	 painted	 depictions	 of	 a	 new	 border	 type	
comprising	a	 continuous	vine	meander,	 supporting	 large	 inward-facing	and	outward-
facing	plane	tree	leaves	and	outward-facing	palmettes	appear	by	the	end	of	the	16th	
century.	 On	 the	 basis	 of	 pictorial	 sources,	 Hallett	 was	 able	 to	 confirm	 that	 Islamic	





	 Despite	 offering	 significant	 information	 for	 understanding	 the	 chronological	
evolution	of	 the	16th-century	 carpet	 industry	 and	 the	acceptance	of	 carpets	 in	 the	
Portuguese	 market	 as	 luxury	 products,	 both	 written	 and	 pictorial	 sources	 present	
limits	 in	 regard	 to	providing	answers	concerning	 the	origin	and	date	of	carpets	and	
particularly	 of	 the	 ‘Indo-Persian’	 type.	 It	 is	 known	 that	 in	 general	 these	 carpets	
followed	 the	 fashion	 of	 court	 workshops,	 but	 cheaper	 materials	 and	 swifter	
production	methods.35	 One	 of	 the	 features	worth	 examine	 is	whether	 the	 borders	
were	 customized,	 and	 therefore	 functioned	 as	 workshop	 signatures	 that	 could	
identify	specific	manufacturers.	 If	 this	were	 indeed	the	case,	 then	borders	could	be	
used	as	a	potential	tool	for	determining	the	origins	of	these	carpets.		
	 As	 explained	 above,	 the	 distinction	 between	 carpet	 groups	 has	 been	 greatly	
improved	 by	 new	methodologies	 that	 combine	 technical	 and	 material	 analysis.	 The	
work	developed	by	Jessica	Hallett	and	Steven	Cohen,	since	1999,	based	on	analysis	of	
structure,	materials,	colors	and	decorative	patterns	attributes	the	 ‘Indo-Persian’	 type	
to	 Iran.	Moreover,	 due	 to	 “(…)	 surprisingly	 homogeneous	 in	 their	 technical	 aspects,	
																																																						
32	Hallett,	2007b,	p.	79:“Persian	carpets	were	worth	three	times	the	cost	of	Turkish	wool	carpets	with	









wool	 pile	 -	 typical	 of	 North	 Indian	 construction.	 According	 to	 Cohen	 these	
distinguishing	features	allowed	the	exclusion	of	carpets	from	the	‘Indo-Persian’	type	as	
possible	 products	 of	 Mughal	 manufacture	 and	 therefore	 to	 be	 attributed	 to	 Iran	
instead	 of	 India.38	 This	 information	 is	 recognized	 and	 reinforced	 by	 Thompson:	 “(…)	
there	 is	 no	 longer	 any	 need	 for	 confusion	 because	 those	 produced	 in	 Iran	 can	 be	
distinguished	 from	the	 Indian	pieces	on	 technical	 grounds.	As	 for	where	 in	 Iran	 they	
were	produced,	this	problem	is	still	unsolved”.39	This	notion,	however,	continued	to	be	
question	 and	 John	Mills,	 in	 his	 review	 of	 Hallett’s	 work,	 suggested	 that	 one	 of	 the	
‘Indo-Persians’	 was	 possibly	 Indian	 even	 though	 it	 shared	 the	 same	 technical	
features.40		
	 In	addition	to	a	coherent	technique,	 the	range	of	colors	 in	 the	 ‘Indo-Persians’	
studied	 confirmed	 by	 dye	 analysis	 performed	 using	 High	 Performance	 Liquid	
Chromatography	(HPLC),	exposed	the	use	of	Kerria	sp.	an	expensive	red	insect	dye	(as	
opposed	 to	 cochineal	 found	 in	 only	 reds	 from	 ‘small	 silk	 Kashan’),	madder	 together	
with	a	yellow	dye	source	for	the	oranges,	which	is	also	found	in	yellows	and	identified	
as	 probably	 weld41.	 However,	 less	 than	 10%	 of	 the	 Portuguese	 collection	 was	
submitted	to	dye	analysis	not	being	sufficient	to	establish	a	firm	conclusion.42		
	 This	 work	 takes	 an	 interdisciplinary	 approach	 –Art	 History,	 History	 and	

















	 Moreover,	 this	 study	 aims	 to	 explore	 production	 and	 consumption	 by	
conducting	 a	 close	 examination	 of	 materials,	 techniques	 and	 design,	 supported	 by	





As	 demonstrated	 above	 the	 work	 of	 Mills,	 Ydema	 or	 Hallett	 attempting	 to	 either	
associate	 carpets	 with	 production	 centers	 or	 with	 a	 relative	 date,	 have	 produced	
positive	 outcomes	 using	 historical	 carpets.	 Therefore,	 in	 this	 study	 59	 carpets	 –	
including	eleven	fragments	–	from	the	16th	and	17th	centuries	were	selected	to	serve	
as	historical	evidence	to	assess	these	questions.	Comprised	in	this	selection	are	seven	
carpets	 recognized	as	 ‘Indian’,	 two	as	 ‘Early	 Safavid’	objects,	 and	 the	 remaining	 fifty	
carpets	are	labeled	as		‘Indo-Persian’	by	their	holdings	institutions,	thus	their	origin	is	





the	 selected	examples	 in	Portugal	–	49	carpets	 from	Museu	Nacional	de	Arte	Antiga	
(MNAA)	in	Lisbon	and	Museu	Nacional	Machado	de	Castro	(MNMC)	in	Coimbra	–	ten	




Figure	 II.	 15:	 Distribution	 of	 objects	 included	 in	 this	 study:	 their	 Institutional	 classification	 and	
correspondant	quantity.		
	
	 Data	 from	stylistic,	 technical	 and	material	 analysis	 (fibers	 and	dyes),	 together	
with	collected	art	historical	information	is	used	to	establish	different	groups	of	carpets.	
The	results	are	used	to	relate	the	various	groups	with	a	geographical	origin.	Likewise,	
on	 the	basis	of	 their	 field	and	border	stylistic	 features,	 the	 results	allow	to	 trace	 the	




Several	 field	 and	 border	 designs	 were	 recognized	 on	 the	 basis	 of	 extensive	 stylistic	
analysis	 from	 extant	 carpets.	 This	 analyze	 is	 followed	 by	 combining	 field	 and	major	
border	design	types	together	to	sort	different	stylistic	groups	of	carpets,	with	the	aim	
of	improving	the	understanding	of	a	chronological	evolution	and	context	of	production	










The	weave	 structure	 is	 very	 important	 and	 has	 been	 used	 to	 associate	 objects	with	
more	specific	origin,	particularly	allowing	the	support	of	Iranian	or	Indian	attribution.45	
With	 the	 aim	 to	 better	 understand	 and	 systematize	 the	 results	 of	 technical	 data	
obtained	 from	 past	 collection	 surveys,	 a	 carpet	 analysis	 datasheet	 was	 created	
(Appendix	 E).46	 This	 datasheet	 comprises	 four	 main	 sections	 namely,	 object	







carpet	 industries,	 by	 discerning	 different	 traditions	 in	 carpet	 production	 and	 their	
possible	 origins,	 as	 well	 as	 conservation	 challenges	 presented	 by	 the	 objects	
themselves.	 This	 project	 focuses	 on	 red,	 pink	 and	 yellow	 colors	 found	 in	 16th-	 and	
17th-century	carpets	attributed	to	Iran	and	India	(Mughal	and	Deccan),	together	with	
orange	 colors	 from	 carpets	 attributed	 to	 Iran.	 These	 colors	 have	 proven	 to	 be	
extremely	 useful	 for	 determining	 regional	 use	 of	 dyes	 and	 the	 possible	 area	 of	
production	of	 these	objects.	Additionally,	browns	were	also	 included	 in	 this	 study	as	
the	number	of	published	dye	results	for	carpets	are	even	smaller	and	the	few	samples	
analyzed	 until	 now	 belong	 to	 the	 most	 recent	 study	 of	 three	 ‘Salting’	 carpets.	 The	
analysis	 of	 the	 brown	 color	 presents	 new	 possibilities	 for	 gaining	 a	 better	
understanding	of	different	centers	of	production	and	distinguishing	them,	especially	as	
some	 browns	may	 have	 been	 achieved	 by	 using	 natural	 brown	wool	 rather	 than	 by	









basis	 of	 statistical	 methods.	 HPLC-MS	 is	 a	 high	 sensitivity	 analytical	 chemistry	
technique	that	combines	the	separation	capabilities	of	liquid	chromatography	with	the	
molecular	 identification	of	mass	 spectrometry.	Moreover,	16	historical	 samples	 from	
the	pile	-	red,	yellow,	pink,	orange,	red	and	brown	colors	-	were	analyzed	with	optical	
microscopy	to	understand	 if	one	or	more	 types	of	 fiber	were	being	used	 in	different	
color	batches.			
	 For	 question	 of	 origin	 several	 chemical	 standards,	 insect	 species,	 and	 sixteen	
wool	 samples	 dyed	 using	 plants	 collected	 in	 Iran	 were	 used	 to	 build	 a	 reference	
database	 to	 further	 improve	 the	 identification	 of	 dye	 compounds	 present	 in	 the	




	 As	 for	 dating	 Portuguese	 documents	 offer	 an	 initial	 date	 for	 the	 arrival	 of	
Islamic	carpets,	which	was	not	before	 the	16th	century.47	Travel	accounts	 testify	 the	
political	 and	 socio-economic	 relationships	 between	 Portugal,	 Iran	 and	 India	 and	
provide	 evidence	 of	 production	 of	 luxurious	 textiles,	 including	 carpets,	 in	 Iran.48	
Moreover,	 inventories	 serve	 as	 evidence	 to	 Portuguese	 consumption	 of	 luxurious	
carpets	 in	the	 late	16th-	and	early	17th-centuries,	where	carpet	descriptions	 indicate	
patterns	 of	 taste.49	 This	 information	 however	 is	 fairly	 limited	 and	 as	 result	 designs	
from	 historical	 carpets	 are	 analyzed	 along	 with	 paintings	 to	 recognize	 their	
chronological	 evolutions.	 This	methodology	 starts	with	 the	work	developed	by	Onno	
Ydema	 on	 border	 designs	 and	 Jessica	 Hallett	 on	 fields	 based	 on	 extant	 objects	 in	










about	 the	 precise	 location	 of	 production	 of	 the	 carpets	 represented.	 Portuguese	
pictorial	 sources	 verify	 the	 presence	 and	 use	 of	 knotted	 carpets	 in	 palaces	 and	
churches.50	 Their	high	value	and	appreciation,	however,	 cannot	be	disputed,	 as	 their	
depictions	prove	their	use	as	symbols	of	luxury	and	power.		
	 To	summarize,	the	identification	and	characterization	the	materials	–	fibers	and	
dyes	 –	 along	 with	 the	 color	 palette	 and	woven	 technique	 are	 features	 that	 not	 only	
define	 the	 type	 but	 are	 also	 of	 extreme	 importance	 for	 reconstructing	 workshop	
traditions	and	 the	place	 and	date	 of	manufacture.	The	 following	 chapter	–	Chapter	 III	
Fibers	and	Technique	offers	a	comprehensive	analysis	of	 fibers	and	 techniques	used	 in	
the	 carpets	 included	 in	 this	 project	 to	 begin	 to	 understand	 the	 specificity	 of	 their	









Characterizing	a	manufacturing	 tradition,	 such	as	how	the	 ‘Indo-Persian’	carpets	 in	




together	with	other	unusual	 features,	as	well	as	 the	 range	of	colors	and	dyes,	and	
state	of	condition.		
Accordingly,	 the	analysis	and	characterization	of	 fibers	and	weave	of	the	59	
carpets	 included	 in	 this	 study	 was	 performed.	 Different	 analytical	 methods	 were	
applied	according	to	the	nature	of	each	material	and	the	results	provide	information	
on	material	 preparation	 and	manufacturing	 traditions	 of	 the	 ‘Indo-Persian’	 carpet	







the	 past	 few	 decades,	 considerable	 research	 has	 been	 carried	 out	 worldwide	 to	
understand	and	quantify	the	effects	of	fiber	types	and	processing	parameters	on	the	
behavior,	performance	and	properties	of	yarns	and	even	the	resulting	fabric.1	There	










fibers	 to	 establish	 a	 period(s)	 for	 possible	 production.	 Yet,	 the	 results	 are	 presented	
based	on	statistical	calculations,	one	still	needs	to	consider	factors	such	as	the	nature	of	
the	 sample,	which	 tends	 to	 shred	 into	 fragments	when	working	with	micro-samples,	
and	the	presence	of	other	organic	contaminants.	Precisely	when	animal	hair	started	to	
be	cut,	twisted	into	yarn	and	then	later	woven	to	produce	a	textile	commodity	remains	
unclear.	 However,	 according	 to	 the	 literature,	 by	 the	 seventh	 century	 BCE	 the	
Phoenicians	were	buying	homespun	woolens	from	the	Israelites	and	shipping	them	to	
England	to	barter	for	tin	and	raw	wool.4		
	 Factors	 influencing	 fiber	 choice	 and	 use	
include	their	capacity	to	be	spun,	their	availability	in	
sufficient	 quantity,	 the	 cost	 or	 economy	 of	
production,	 and	 the	 appeal	 of	 their	 properties	 to	
consumers. 5 	Organic	 fibers	 are	 comprised	 of	
polymers,	 long	 molecules	 formed	 by	 small	 units	
(monomers)	 joined	 together	 in	 long	 polymeric	
chains.	These	polymeric	chains	are	quite	well	organized	in	textile	fibers	and	each	fiber	
type	embodies	a	specific	structural	arrangement.		
	 Often,	 a	 polymer	 contains	 a	 mixture	 of	 chains	 which	 are	 either	 aligned	
(crystalline	 areas)	 or	 unaligned	 (amorphous	 areas)	 (figure	 III.	 1).	 Strong	 and	 fairly	
tenacious	 fibers	 such	 as	 linen	 have	 higher	 quantities	 of	 crystalline	 areas,	 while	
amorphous	fibers	are	usually	more	fragile	but	have	very	high	elasticity	 levels,	such	as	
wool.	Cohen	explains	that	 Iranian	carpet	weavers	abandoned	the	practice	of	knotting	
with	 fine	 goat	 hair	 after	 the	 16th	 century	 for	 reasons	 that	 remain	 unknown.6 	In	
addition,	 the	most	 luxurious	 Iranian	carpets	continued	to	be	knotted	with	silk,	or	silk	
																																																						













	 	The	 constant	 presence	 of	 cotton	 warps	 and	 wefts	 and	 wool	 knots	 are	 a	
recognized	diagnostic	technical	feature	of	carpets	belonging	to	the	‘Indo-Persian’	type.	
To	 accomplish	 the	 aims	of	 determining	 the	origin	 and	date	of	 ‘Indo-Persian’	 carpets,	













accurate	 fiber	 identification	 is	 to	 obtain	 a	 reasonably	 representative	 sample	 for	
examination.7	Cotton	 fibers	 can	 be	 found	 in	 a	 great	 variety	 of	 shapes	 and	 forms	 but	
their	distinctive	 feature	 is	 the	convolutions	–	 twists	 in	 the	 fiber	 (figure	 III.	2).	On	 the	
other	hand,	a	typical	characteristic	for	wool	fiber	identification	is	the	scaly	outer	cuticle	
layer	(figure	III.	3).		
	 As	Greaves	states,	“the	nature	of	 this	scale	pattern	allows	the	specific	 type	of	
animal	 fiber	 to	 be	 identified	 and	 enables	 a	 distinction	 to	 be	 made	 between	 wool,	
cashmere,	camel	hair,	yak	and	mohair,	for	example”.8	When	the	fibers	are	undyed	and	
non-pigmented,	 a	 straightforward	 examination	 of	 the	 cuticle	 and	 comparison	 with	
reference	samples	 is	possible.	As	a	 result,	general	microscopic	 techniques	will	permit	
positive	identification,	while	scanning	electron	microscopy	(SEM)	will	display	the	fiber	
















Antiga;	 namely,	 two	 attributed	 to	 India	 and	 seven	 to	 Iran.	 A	 total	 of	 16	 historical	
samples	 from	 the	 pile	 -	 red,	 yellow,	 pink,	 orange,	 red	 and	 brown	 colors	 were	
collected	with	the	aim	of	understanding	if	one	or	more	types	of	fiber	were	being	used	
in	different	color	batches.		
Fiber	 identification	was	 performed	 at	 José	 de	 Figueiredo	 Laboratory,	 from	
Direcção	 Geral	 do	 Património	 Cultural	 (LJF-DGPC)	 in	 Lisbon,	 using	 a	 Leitz	 optical	
microscope	with	IM1000	V1.20	software.	Longitudinal	sections	of	the	historic	sample	
fibers	can	provide	evidence	for	the	nature	or	type	of	fiber,	but	not	for	the	species.	As	
a	 result,	 cross-sections	were	 necessary,	 and	 due	 to	 the	 small	 size	 of	 the	 historical	
samples,	a	 resin	cross-section	methodology	was	used	 (Appendix	F).	Transverse	cuts	





the	 lack	 of	 reference	 material,	 and	 small	 sample	 amount	 made	 it	 impossible	 to	
differentiate	the	precise	animal	species.	In	addition,	the	examination	of	the	physical	
properties	of	 the	 fibers	using	optical	microscopy	did	not	enable	 further	 refinement	






DNA	sequencing	may	be	a	promising	next	step	 in	 fiber	studies	 to	 resolve	questions	
concerning	the	origin	of	historic	textiles.11	It	is	hoped	that	future	financing	will	allow	
for	these	specialized	analyses	to	be	undertaken.	This	project	focused	instead	on	dyes	






pile	 belonging	 to	 carpet	 1Tp.	 Longitudinal	
(above)	 and	 transversal	 (below)	 views	 from	
optical	microscopy	(x50	µm).		
Figure	 III.	 5:	 Optical	 microscopy	 of	 cotton	




















	 Preferably,	 an	 analysis	 focused	on	weaving	 structures	 should	 describe	 the	
following	 structural	 properties:	 warps,	 wefts,	 knots,	 edges,	 ends	 and	 some	 other	
unusual	 features.	The	Carpet	Analysis	Datasheet	developed	for	this	project	 includes	
detailed	 information	 on	 such	 structural	 properties,	 together	 with	 other	 relevant	
information	 about	 the	 object,	 such	 as	 identification,	 formal	 description,	 material	
characterization	and	analysis	(see	Appendix	E).			
	 The	general	condition	of	 the	majority	of	 the	objects	 included	 in	this	study	 is	




thus	 limiting	 the	completeness	of	 the	 information	provided.	Therefore,	 to	ensure	a	
high	 level	 of	 consistency	 in	 the	 weaving	 analysis,	 the	 best	 method	 for	 comparing	
different	woven	structures	is	to	rely	on	the	observation	of	three	main	features:	pile,	
warps	 and	 wefts.	 Nevertheless,	 whenever	 possible	 the	 edges,	 ends	 and	 other	





This	 study	 focuses	 on	 pile	 (knots),	 warps	 and	 wefts.	 A	
thread	count	was	used	 to	examine	various	 features:	 fiber	
type,	direction	of	spin,	ply	of	the	yarns	used	for	the	warps,	
wefts	 and	 pile.	 The	 first	 step	 is	 look	 at	 the	 pile	 to	
determine	the	length,	knot	type	and	density	(figure	III.	6).		
	 This	is	followed	by	analysis	of	the	warps,	the	type	of	




Figure	 III.	 6:	 Detailed	














































































Characterized	 by	 wool	 pile	 and	 asymmetric	
knots	 open	 to	 the	 left,	 the	majority	 of	 these	 knots	
display	 two	 Z-spun	 yarns	 (sometimes	 3Z	 or	 4Z).15	
Cotton	 yarns	 in	white	with	 Z4S	 spin	were	 used	 for	
the	 warps	 and	 2	 to	 3	 shoots	 of	 2Z-spun	 white	 or	
beige	 yarn	 was	 used	 for	 the	 wefts	 (figure	 III.	 7)	
inserted	 after	 each	 row	 of	 knots.	 As	 stated	 by	
Cohen,	 such	 qualities	 are	 consistent	 with	 classical-
period	Persian	carpet	weaving.16	However,	particular	qualities	were	found	in	some	of	





or	 two	 shoots	 of	 4Z-spun	 white	 yarn	 wefts.	 On	 the	 other	 hand,	 carpet	 26.286	
attributed	to	North	India	from	Group	VII,	has	silk	knots	open	to	the	left	and	a	cotton	
foundation	where	white	7-8Z-spun	yarns	plied	S	were	used	 for	 the	warp	and	 three	
shoots	 of	 1Z-spun	 yarn	 for	 the	 weft.	 In	 fact,	 besides	 the	 knot	 type	 and	 cotton	
foundation	 the	 features	 found	 in	 carpet	 26.286	 are	 not	 related	 with	 the	 standard	
characteristics	of	classical-period	Persian	carpets.	These	two	carpets	are	considered	
distinctive	and	we	will	return	to	them	later	in	our	discussion	in	Chapter	VII.	
According	 to	 Cohen,	 in	 conventional	 nomenclature	 of	 structural	 analysis,	
the	typical	Indian	warp	would	be	described	as	Z6S,	Z7S,	or	Z8S,	and	so	on,	with	some	
cases	 displaying	 warp	 threads	 comprising	 up	 to	 ten	 to	 12	 cables:	 Z10-12S.	 17	
Therefore,	warp	yarn,	in	particular,	can	provide	solid	evidence	of	differences	in	Indian	
and	 Iranian	 carpet	 weaving	 traditions.	 This	 is	 particularly	 evident	 in	 the	 carpets	
comprising	Group	IV	(see	table	III.	1),	where	the	number	of	cords	found	in	the	yarn	
warp	 ranges	 from	 7	 to	 9	 cables	 –	 Z7S,	 Z8S	 and	 Z9S,	 strongly	 suggesting	 an	 Indian	
																																																						
15	The	S	and	Z	 letters	are	used	to	 indicate	the	direction	 in	which	yarn(s)	are	twisted,	spun,	or	plied.	





Figure	 III.	 7:	Detailed	 image	from	
the	back	of	carpet	58Tp,	showing	
three	 shoots	 of	 weft	 yarns	 per	
row	of	knots	(red	fibers).		
	 53	




wefts.	 The	 two	 remaining	 carpets	 (26.297	 and	 53Tp)	 display	 pink	 yarn	 wefts	 with	
different	structures,	namely,	three	shoots	of	1Z-spun	yarns	in	carpet	26.297	and	one	
shoot	of	4Z-spun	yarns.		
The	most	 consistent	 is	 Group	 III	 where	 the	 two	 carpets	 attributed	 to	 the	
Deccan	(India)	display	2Z	wool	knots	open	to	the	left,	5Z-spun	white	yarn	warps	and	
2Z-spun	light	brown	yarn	wefts.	Finally,	carpets	from	Groups	V	and	VI	(see	table	III.	1)	
share	 wool	 2Z-spun	 knots	 open	 to	 the	 left,	 silk	 warps	 and	 cotton	 wefts.	 Group	 V	
consists	of	a	 single	carpet	 in	which	Z2S	silk	warp	yarn	and	 three	shoots	of	1	or	2Z-
spun	beige	wool	and	white	cotton	weft	yarns	were	used.18	
It	is	apparent	from	these	results	that	when	formulating	ideas	about	accurate	
attributions,	 one	 is	 compelled	 to	 question	 the	 effectiveness	 of	weaving	 analysis	 as	
some	of	particular	 cases	 cited	 above	 raise	questions	 about	whether	 they	 are	mere	
variations	of	a	larger	group	or	represent	an	entirely	different	production.	Therefore,	a	













Islamic	 carpets	 from	17th-century	 Europe,	 based	on	 their	 numerous	 representations	
that	survive	in	16th-	and	17th-century	European	paintings	and	in	the	inventories	of	the	
great	 houses	 of	 many	 European	 countries. 1 	The	 approximately	 80	 ‘Indo-Persian’	
carpets	extant	 in	Portuguese	collections	support	 the	perception	that	 this	carpet	type	
was	certainly	being	produced	 in	great	quantities.2	Their	appropriation	by	the	state	 in	




linked	 to	 the	aristocracy	and	are	 included	 in	 this	 study,	 the	provenance	of	 about	90	
percent	of	 these	17th	 century	objects	 is	well	 recorded.	 They	 can	be	associated	with	
convents	or	 churches	where	 they	were	used	 in	 the	past,	 although	 the	exact	 date	of	
their	 import	 is	 unknown.4		 Therefore,	 they	 present	 an	 exceptional	 opportunity	 to	





their	 cotton	warps	and	wefts.	Likewise,	 they	 feature	motifs	 such	as	palmettes,	Plane	
tree	 leaves	 (Pers.	 Chenar),	 lotus	 flowers,	 horseshoe-shaped	 and	 undulating	 cloud	















palmette’.6	In	addition	 to	 this	classification,	 further	 labels	 such	as	 ‘Herat’	or	 ‘Isfahan’	
formed	 from	 various	 assumptions	 regarding	 place	 of	 production	 were	 attached	
without	scholarly	consensus.7	The	carpet	structure	and	color	are	suggestive	of	Iran	as	
their	 place	 of	 origin,	 yet	 no	 historical	 information	 to	 directly	 support	 such	 an	
attribution	has	been	found.		
	 Moreover,	 as	 stated	 by	 Thompson,	 “carpets	 using	 a	 similar	 colouring	 and	
decorative	scheme,	perhaps	influenced	by	Persian	carpets,	were	made	in	India	during	






trade.	 They	 are	 found	 in	 every	 town	 but	 especially	 in	 Agra,	 Fathepur	 and	 Lahore”.9	
Consequently,	 the	 origin	 of	 17th-century	 ‘Indo-Persian’	 carpets	 has	 been	 largely	
debated	 over	 the	 last	 several	 decades.	 This	 study	 focuses	 on	 an	 attempt	 to	 resolve	


















This	 new	 Safavid	 style	 aligned	well	with	 the	 Shah’s	 taste	 and	political	 strategy.	 As	 a	
bold	and	effective	message	of	power,	 this	new	aesthetics	was	 implemented	across	a	
wide	range	of	arts.	In	contrast	with	previous	periods,	the	design	elements	are	larger	in	
scale,	bolder	 in	 form	and	more	homogeneous.	The	 same	distinctive	kind	of	 split-leaf	
arabesque	can	be	found	in	bookbinding,	architectural	tiles,	textiles	and	carpets.		
	 Shah	 Abbas	 promoted	 the	 trade	 of	 luxurious	 silk	 textiles	 for	 export.11	Given	
that	the	‘Indo-Persian’	carpets	share	design	elements	from	the	Abbas	style,	they	have	
often	 been	 associated	 with	 this	 moment	 in	 Iranian	 production.	 Owing	 to	 their	










the	 demands	 of	 international	 taste,	 and	 their	 materials	 and	 technique	 made	 them	
more	accessible	to	a	wider	range	of	consumers.	12		The	outcome	triggered	an	increase	
in	their	competitiveness	in	comparison	to	the	Ottoman	equivalent	(made	exclusively	of	
wool).	 It	 seems	 apparent	 that	 these	 ‘Indo-Persian’	 carpets	 were	 a	 commercial	












small	 numbers	 in	 the	 16th	 century	 (i.e.	 ‘Small	 silk	 Kashan’	 and	 ‘Tree	 and	 Animal’	
carpets,	 both	 made	 using	 expensive	 silk).	 The	 rise	 of	 the	 Indo-Persian	 type	 in	
apparently	 the	 late	 16th	 or	 early	 17th	 century	 reflects	 a	 change	 in	 production	 and	
consumption.	 The	 reasons	 for	 the	 arrival	 of	 this	 new	 carpet	 in	 such	 large	 numbers	
appears	to	be	related	to	the	growing	bourgeoisie	 in	Portugal	who	were	 interested	 in	
high	quality	exotic	products	at	this	time,	but	the	precise	origin	of	their	production	or	
how	they	became	so	widespread	remains	to	be	understood.	





	 This	 thesis	 argues	 that	 the	 so-called	 ‘Indo-Persian’	 type	 is	 a	 commercial	
response	 from	 the	 Islamic	 carpet	 industry	 to	 new	markets	 that	 result	 from	 the	 new	
maritime	 trade	 and	 the	 increase	 in	 demand	 for	 luxury	 goods	 from	 European	 elites.	
Consequently,	 an	 interdisciplinary	 approach	 –	 Art	 History,	 History	 and	 Materials	
Science	–	focusing	on	the	study	of	the	art	historical	and	historical	contexts	surrounding	
their	 production	 and	 consumption,	 as	 well	 as	 a	 close	 analysis	 of	 stylistic	 features,	
decorative	 materials	 and	 technical	 components,	 supported	 by	 science,	 as	 a	




addition,	 it	 uses	 the	 extant	 objects	 and	 carpet	 depictions	 to	 recognize	 the	 design	
evolution	 of	 this	 particular	 carpet	 type.	 The	 results	 aim	 to	 determine:	 1)	 if	 the	
development	of	the	‘Indo-Persian’	carpets	between	the	16th	and	17th	centuries	was	a	
response	to	 international	 trade,	2)	 if	analysis	of	materials	and	design	can	be	used	to	
understand	the	context	of	production	and	therefore	the	origin	of	the	type	and	3)	if	the	
manufacturing	practices	were	influenced	by	new	demands.		




and	 cultural	 background	 that	 set	 the	 stage	 for	 carpet	 industry	 innovations	 and	 the	
subsequent	 development	 of	 the	 new	 carpet	 type.	 Chapter	 II	 –	 ‘Indo-Persian’	 Carpet	
Type	presents	detailed	characterization	of	the	type	as	well	as	the	objects	 included	 in	
this	 study.	 Chapter	 III	 –	 Fibers	 and	 Technique	 and	V	 –	 Colors	 and	Dyes	 present	 and	








problematic	 type,	 the	 methodology	 used	 in	 this	 study	 offers	 a	 tool	 to	 public	 and	
private	 institutions	 worldwide	 housing	 ‘Indo-Persian’	 carpets.	 Moreover,	 it	 explores	









of	 origin	or,	 alternatively,	 on	 systems	 based	 on	 visual	 design	 or	 artistic	 style,	 mode	 of	
production,	or	structure.1	In	this	chapter	we	focus	on	design	with	some	reference	to	fibers	
used	in	pile	and	foundation	of	the	carpets.		
The	 ‘Indo-Persian’	 carpet	 type	 is	 generally	 characterized	by	 the	distinctive	design	
scheme	display	of	 palmettes,	 chenar	 leaves,	 lotus	 flowers,	 horseshoe-shaped	 clouds,	 all	
intertwined	with	layers	of	vine-scrolls	on	a	red	field,	surrounded	by	blue	or	green	borders.	
The	 variations	 in	 design	 compositions	 underline	 the	 remaining	 challenges	 for	
understanding	 the	 ‘Indo-Persian’	 type.	 The	 comprehensive	 study	 of	 these	 elements	





This	 chapter	 seeks	 to	provide	a	 comprehensive	 study	of	 their	 style,	 and	possible	
progression,	 by	 discussing	 aspects	 of	 their	 design.	 It	 begins	 by	 defining	 the	 individual	
















Persian’	 carpet	 group	 in	 Portuguese	 collections	was	 proposed	 by	 Jessica	 Hallett,	while	




the	 elimination	 of	 central	 and	 quarter	 medallions	 as	 well	 as	 animal	 representations;	
instead,	 in	 the	 latter	 group	 only	 very	 occasionally	 are	 birds	 seen	 in	 the	 borders.	 It	 is	
interesting	 to	 look	 more	 closely	 at	 this	 evolution	 to	 understand	 how	 Iranian	 carpet	
production	 in	 the	17th	 century	developed	by	 adjusting	not	only	 the	 choice	of	materials	
but	also	the	designs.	




as:	 “the	 small	 silk	 carpets	 of	 Kashan,	 which	 are	 among	 the	 most	 important	 of	 the	
sixteenth-century	rugs	of	Persia,	form	a	clearly	defined	group”.3	Subsequently,	this	list	has	
been	 extended	by	Daniel	Walker	 to	 comprise	 sixteen	 carpets.4	Although	Kashan	was	 an	
important	 center	 for	 the	 production	 of	 silk	 carpets,5	no	 evidence	 has	 come	 to	 light	 to	
securely	 attribute	 these	 particular	 carpets	 to	 the	 city	 of	 Kashan,	 and	 thus,	 more	





5	“Kashan	 rugs	acquired	by	 the	Polish	 king	 in	1602	were	described	as	pairs,	 and	 the	 sill	 and	metal	 thread	





Following	 the	 Iranian	 carpet	 tradition,	 the	 second	 16th-century	 group	 ‘Tree	 and	
Animal’	(Appendix	C,	fig.	2)	can	be	characterized	by	botanical	motifs	with	animal	combat	
scenes.	 Where	 mythological	 creatures	 bixies	 and	 quilin7,	 leopards,	 lions	 or	 deer	 are	
displayed	 among	 a	 profusion	 of	 trees	 and	 branches,	 set	 above	 a	 complex	 net	 of	 vine	
scrolls.8	Throughout	 the	 latter	 group,	 the	 central	 and	 quarter	 medallions	 and	 animal	
representation	 seen	 in	 the	 first	 are	 significantly	 reduced;	 although	 occasional	 birds	 are	
seen	 in	 the	 borders	 between	 dense	 foliage. 9 	Furthermore,	 the	 central	 and	 quarter	
medallions	 and/or	 animal	 fields	 are	 found	 with	 borders	 decorated	 by	 cartouches	
alternating	 with	 lozenges	 in	 the	 ’Shah	 Sulayman	 Tabriz	 hunting	 carpet	 with	medallion’	


















types	 are	 suggested	 to	 reflect	 a	 progression	 in	 style,	 while	 a	 fourth	 is	 defined	 to	 be	 a	
distinctive	 group	 (Appendix	 J).10	The	 first	 carpet	 type	 (Appendix	 J,	 fig.	 1)	 maintains	 the	
network	of	scrolling	vines	without	animal	or	human	figures,	yet	on	occasions	birds	can	be	
found.	 The	 level	 of	 sophistication	 of	 these	 designs	 means	 that	 it	 cannot	 have	 been	





The	 second	 type	can	be	understood	as	 the	classical	 ‘Indo-Persian’	 type,	 in	which	
large	palmettes,	cloud	bands,	plain	tree	(pers.	chenar)	leaves	and	lotus	flowers	are	joined	
by	 scrolling	 vines	 (Appendix	 J,	 fig.	 2).	 Due	 to	 the	 design	 and	 rhythm	 created	 by	 the	
horizontal	and	vertical	palmette	displacement,	the	type	has	been	named	‘vine	scroll	and	
palmette’	 by	 Hallett.	 Palmettes	 can	 also	 be	 found	 in	 their	 border	 pointing	 inward	 and	




well-planned	 designs	 in	 which	 small	 asymmetrical	 ’S’-shaped	 cloud	 bands	 and	 bigger	
horseshoe-shaped	clouds	are	displayed.		
In	 the	 third	 type	 ‘vine	 scroll	 and	 curved	 sickle	 leaves’	 the	 range	 of	 motifs	 is	





	 Finally,	 the	 fourth	 type	moves	away	 from	the	previous	 types,	as	 its	design	 is	not	
based	on	a	scrolling	vine	network	but	instead	on	a	lattice:	‘quatrefoil	Arabesque	split-leaf	
lattice’	 (Appendix	 J,	 figure	 4).	 Arabesque	 split-leaf	 motifs	 are	 arranged	 in	 quatrefoil	




exhibited	 in	the	corners	of	 the	carpet,	which	are	difficult	 to	plan	and	suggest	that	these	
objects	 were	 produced	 in	 a	 context	 in	 which	 production	 was	 controlled	 by	 a	 skilled	
administration	 interested	 in	 following	 court	 fashions.	Despite	 their	 recognizable	 quality,	




represent	 two	 distinct	 moments	 in	 the	 history	 of	 Iranian	 carpet	 industry;	 expressing	 a	
transition	 in	 style	 in	 which	 a	 new	 type	 of	 carpet	 -	 for	 export	 –	 was	 developed.	 The	












amalgam	of	 factors	and	meanings	coming	 together	 in	physical	 form	at	a	particular	place	
and	time.12	In	light	of	contemporary	theories,	the	material	object	provides	a	distinct	point	
of	entry	at	 the	physical	 level	where	 the	encounter	between	theory	and	practice	actually	
occurs.13 	However,	 thinking	 about	 historical	 objects,	 and	 particularly	 16th-	 and	 17th-
century	 carpet	 production,	 it	 is	 essential	 to	 take	 into	 consideration	 the	 context	 of	
production	and	patterns	of	consumption.		
	 The	 design	 changes	 occur	 as	 a	 result	 of	modes	 of	 transmission,	 either	 from	one	
generation	 to	 the	 next	 or	 between	 social-cultural	 environments.14	Thus,	 the	 role	 of	 the	
court	 and	 its	 bookmaking	 workshops	 (pers.	 Kitabkhana)	 in	 creating	 and	 disseminating	
designs	 (originally	 conceived	 for	 the	 two-dimensional	 surface	 of	 a	 folio),	 and	 their	
application	to	other	media	and	in	other	circumstances	outside	of	the	court	environment	is	
of	 extreme	 relevance	 to	 the	 creation	 of	 sophisticated	 designs	 in	 carpets	 production.	
Moreover,	 as	 carpets	 were	 trade	 products	 their	 appreciation	 by	 consumers	 could	






make	up	 images	 or	 patterns	 intended	 to	 be	 visually	 pleasing	or	 symbolic.	 A	 design	may	
consist	 of	 an	 arrangement	 of	 motifs”.15	When	 looking	 at	 carpets	 this	 study	 begins	 by	




13	“In	 locating	 design	 as	 part	 of	 a	 technical,	 commercial,	 professional	 and	 political	 process,	 the	 focus	 of	
analysis	can	range	from	design	theories	to	manufacturing	and	distribution,	to	institutions	of	design	such	as	








as	vital	 elements	 in	 the	overall	 design.	The	existence	of	elements	 such	as	quarter	plans,	
medallions,	 together	 with	 certain	 motifs	 and	 colors,	 are	 often	 used	 to	 describe	 carpet	
composition	and	style.17	
	 In	 addition,	 the	way	 carpet	was	 projected	 to	 be	 seen	had	 great	 influence	 on	 its	
design.	 The	 approach	 taken	 here	 allows	 for	 the	 classification	 of	 carpets	 into	 two	major	
categories:	 firstly,	objects	 in	which	 the	design	was	planned	 to	be	viewed	 from	a	 specific	
viewpoint	which	are	referred	to	as	directional,	such	as	prayer	carpets	(Appendix	C,	figure	
4),	and	secondly,	objects	 that	display	widespread	 repeated	motifs	 in	which	 the	design	 is	
non-directional	(Appendix	J,	figure	4).	Within	these	two	broad	categories,	fields	are	often	
classified	 as	 single	 or	 multiple	medallions,	 all-over	 repeat,	 vase,	 compartment,	 garden,	







	 Unfortunately,	 published	 carpet	 design	 studies	 are	 often	 largely	 focused	 on	 field	
design.	 With	 the	 exception	 of	 the	 work	 of	 a	 few	 researchers20 ,	 border	 designs	 are	
frequently	 disregarded.	Understanding	 whether	 the	 borders	 from	 ‘Indo-Persian’	 carpets	
were	customized,	and	can	 therefore	 function	as	workshop	 signatures	 that	 could	 identify	
specific	manufacturers,	and	thus	origin,	is	one	of	the	major	aims	of	this	study.		
	 This	 project	 started	 addressing	 this	 matter	 by	 focusing	 on	 distinguishing	 design	
features	from	carpets	belonging	to	the	‘Indo-Persian’	type	discussed	in	Chapter	II	(figure	II.	
12).	 Designs	 seen	 in	 these	 carpets	 follow	 the	 quarter	 plan	model	 (figure	 II.	 13)	 with	
rectangular	compartments	mainly	filled	with	floral	motifs	and	clouds	(see	table	II.	1).	The	












	 It	 is	 important	 in	 this	 context	 to	 remember	 that	 artists	 and	weavers	would	work	
separately	 to	 create	 carpets.	 This	 division	 of	 artistic	 labor	 is	 likely	 seen	 in	 two	 kinds	 of	
carpets	 production:	 that	 of	 court	 and	 urban	 carpets,	 both	 produced	 in	 urban	
environments,	 but	with	different	 relationships	between	 investment,	 production	and	 the	
intended	consumer.	Court	carpets	are	produced	in	court	ateliers	using	very	expensive	and	
luxurious	 and	materials	 such	 silk,	 metal	 threads	 and	 wide	 range	 of	 colors	 that	 include	
expensive	 red-insect	 dyes.	 Moreover,	 their	 designs	 are	 often	 dense,	 intricate	 and	
sophisticated	 compositions,	 often	 including	 animals	 and	human	 figures	or	medallions	 in	
their	aesthetic	vocabulary.	On	the	other	hand,	carpets	produce	in	a	urban	workshop	are	
carpets	of	quality	 that	can	 include	the	use	of	expensive	materials	and	follow	closely	 the	
sophisticated	 designs	 that	 are	 develop	 by	 artists	 in	 court	 ateliers,	 often	 launching	 the	
fashion	 applied	 in	 various	 art	 forms.	 These	 quality	 carpets	 were	 produced	 by	 well-
equipped	workshops,	 often	 with	 the	 support	 of	 the	 court,	 capable	 to	 produce	 in	 large	
numbers	 and	 in	 various	 dimensions,	 thus,	 responding	 to	 higher	 demands.	 Certainly,	
carpets	manufactured	 in	 urban	 settings	 were	 likely	 to	 be	 produced	 in	 accordance	with	
prevailing	taste	envisioning	the	creation	of	profitable	products	in	the	market.	
	 According	to	Thompson	“the	workshop	or	town	carpet	as	it	is	often	called	is	almost	
by	 definition	 woven	 from	 a	 cartoon.	 The	 art	 of	 the	 carpet	 is	 therefore	 the	 art	 of	 the	
designer”.21	Moreover,	 Denny	 clarifies	 that	 in	 the	 creation	 of	 commercial	 carpets	 “an	
entrepreneur	usually	provides	a	design	for	the	weaver	to	execute;	owns	the	loom	and	raw	
materials;	 pays	 a	monetary	wage	or	piecework	 rate	 to	 the	weaver	 and	 to	 the	designer;	






	 Given	the	sophisticated	designs	of	the	classical	 ‘Indo-Persian’	carpet,	 it	 is	unlikely	
they	were	being	crafted	exclusively	from	memory.	Therefore,	the	use	of	a	model23	or	knot	
plan	 (talim)	 seems	 the	 most	 likely	 way	 for	 transmission	 of	 designs.	 It	 is	 comprised	 of	
traditional	design	elements	and	is	a	practice	that	can	be	passed	down	through	generations	
(see	Chapter	II).	A	knot	plan	is	intend	to	be	respected	by	the	weaver	without	deviation	and	
requires	some	 level	of	organization	and	skills	and	thus	 is	more	commonly	used	 in	urban	
and	court	workshops.24		
	 Knotted-carpet	 weaving	 is	 a	 long-standing	 tradition	 in	 which	 under	 normal	
circumstances	incremental	design	changes	occur	with	time	as	a	result	of	different	ways	for	
transmission	of	designs.25	Furthermore,	the	actual	process	of	replication	leads	naturally	to	
a	degeneration	of	 design	 elements	 and	 consequently	 an	evolution	of	 style	 (see	Chapter	
II).26	Most	notably,	 curvy	 lines	 in	motifs	and	other	design	 features	 lose	 their	 fluidity	and	
sophistication,	 characteristic	 of	 earlier	 compositions	 (figure	 IV.	 3),	 and	 can	 progress	
towards	more	geometric	designs	with	angled	or	pixelated	lines	(figure	IV.	4).		
	 	





















stylistic	 analysis	 from	 extant	 carpets.29	The	 second	 stage	 combined	 the	 field	 and	major	
border	 design	 types	 together	 to	 reveal	 different	 groups	 of	 carpets	 (see	 section	 IV.	 6),	
which	can	be	used	to	improve	the	understanding	of	a	chronological	evolution	and	context	
of	production	 (court,	 city,	etc.),	 for	 tackling	questions	 regarding	 the	geographic	 location	
for	their	production.		
	 A	 survey	 of	 all	 the	 carpets	 included	 in	 this	 study	 is	 undertaken	 to	 determine	




letters	 and	 numbers	 presented	 were	 attributed	 after	 the	 full	 analysis	 was	 undertaken	 in	
order	to	facilitate	the	reader’s	understanding	of	the	design	evolution	observed.	
	 This	 survey	 revealed	 that,	 in	 addition	 to	 the	 four	motifs	 commonly	 found	 in	 the	
fields	 of	 carpets	 under	 the	 ‘Indo-Persian’	 designation	 (see	 table	 II.	1),	 eight	 new	motifs	




















silk	warps	are	still	 seen	as	part	of	 the	 foundation,	preceding	 the	so-called	 ‘Indo-Persian’	








on	 a	 red	 saturated	 ground	 disappear	 here.	 Instead,	 small-scale	motifs	 or	 voids	 replace	




Motifs:	 Animals,	 trees,	 horseshoe-shaped	 clouds,	 tchi	 clouds,	 palmettes,	 chenar	
leaves,	lotus	flowers.	Two	sets	of	vine-scrolls	with	different	colors.	


















IV.	 6).	 However,	 the	 field	 design	 manifests	 a	 significant	 change	 as	 figures	 of	 animals	
and/or	trees	disappear	from	the	vocabulary.		















Field	 C0	 represents	 the	 early	 version	 of	 Vine	 scroll	 with	 Central	 Void	 and	 Clouds	 field	
design.	Exhibited	by	two	objects	(figures	IV.	9	and	IV.10)	 in	which	silk	warps	were	use	in	
the	foundation	just	as	seen	in	the	previous	designs,	Fields	A	and	B.	However,	the	central	




	 Motifs:	 horseshoe-shaped	 clouds;	 tchi	 clouds;	 palmettes,	 chenar	 leaves;	 lotus	

































where	 silk	warps	were	 replaced	by	 the	 exclusive	 use	 of	 cotton	 in	 the	warps	 and	wefts.	
Both	carpets	(figures	IV.	11	and	IV.	12)	have	large	dimensions	(more	than	4	meters	long)	
and	 displaying	 large	 palmettes	 facing	 in-and-out	 along	 vertical	 axis	 and	 the	 inclusion	 of	
new	elements	 such	 as	 the	 coat	of	 arms	or	 variation	 in	 the	 traditional	 background	 color	
scheme	(figure	IV.	12).	The	green	field	in	carpet	84Tp	represents	an	outstanding	exception	
to	 the	 red	 field	 typically	 seen	 in	 carpets.	 Together	 the	 characteristics	 suggest	 that	 both	
objects	may	have	been	special	commissions.	
	 Motifs:	 Horseshoe-shaped	 clouds;	 tchi	 clouds;	 palmettes,	 chenar	 leaves;	 lotus	
flowers;	two	dense	and	delicate	vine-scrolls	decorated	with	small	flowers	and	buds.		
	 Composition:	 In-and-out	 arrangements	 of	 Palmettes	 along	 the	 vertical	 axis,	
palmettes	 and	 horseshoe-shape	 clouds	 on	 both	 sides	 along	 the	 carpets	 vertical	 axis	







































The	 replacement	 of	 inward-facing	 chenar	 leaves	 by	 outwards	 facing	 palmettes	 lying	
symmetrically	 along	 the	 vertical	 axis	 can	be	 seen	 in	 six	 objects	with	 field	 C3.	While	 the	
choice	 of	 fibers	 was	 maintained,	 it	 is	 noteworthy	 that	 the	 particular	 transformation	
observed	 here,	 as	 in	 all	 the	 fields	 discussed	 previously,	 involves	 a	 pattern	 in	which	 the	
creativity	 occurs	 initially	 in	 the	 field	 design	 and	 progress	 to	 the	 border	 reinforcing	 the	
sequencing	of	the	different	types	here.		
	 Motifs:	 Horseshoe-shaped	 clouds;	 tchi	 clouds;	 palmettes,	 chenar	 leaves;	 lotus	
flowers;	 2	 vine-scrolls	decorated	with	 small	 flowers.	 Large	 scale	motifs.	 The	 carpet	with	
inventory	number	T749	(see	figure	IV.	17)	displays	a	“new”	five-petal	flower,	which	can	be	
seen,	combined	with	pin-wheel	rosettes	in	other	objects	(see	Field	C4).	







Figure	 IV.	 17:	 Field	 (detail)	 from	 ‘Vine	 scroll	with	
Central	 Void	 and	 Clouds	 –	 Outward	 Palmette’	
carpet	(Carpet	with	pattern	of	scrolling	vines),	Iran	
(?),	17th	century.	Lisbon,	MNAA,	73Tp.	
Figure	 IV.	 18:	 Field	 (detail)	 from	 ‘Vine	 scroll	with	














are	 carpets	 with	 5-petal	 flowers	 (figure	 IV.	 21)	 and	 without	 horseshoe-shaped	 clouds	
(figure	IV.	22).	The	larger	scale	motifs	are	also	found	in	carpets	of	smaller	dimensions.	











Central	 Void	 and	 Clouds	 –	 Pin-wheel’	 carpet	
(Carpet	with	 pattern	 of	 scrolling	 vines),	 Iran	 (?),	
17th	century.	Lisbon,	MNAA,	2Tp.	
	
Figure	 IV.	 22:	 Field	 (detail)	 from	 ‘Vine	 scroll	 with	
Central	 Void	 and	 Clouds	 –	 Pin-wheel’	 carpet	




The	 introduction	 of	 the	 sickle	 leaf	 into	 the	 design	 represents	 the	 development	 of	 a	
different	design	scheme	from	the	carpets	with	Field	C	discussed	above.	This	is	evident	in	




sickle-leaf	had	a	pronounced	 role	and	 impact	 to	 the	overall	 design	 composition	of	 Field	
D0.	The	curvilinear	shape	of	the	sickle	 leaf	was	able	to	recreate	fluidity	seen	 in	previous	
 75	
types’	 compositions	 achievable	 with	 silk	 warps	 or	 a	 high-knot	 density.	 Such	 innovation	
represents	a	creative	response	to	attempting	to	provide	more	sophisticated	designs	and	
lively	compositions	(see	Carpet	61Tp	in	Appendix	D).	
	 Motifs:	Horseshoe-shaped	clouds,	 tchi	 clouds,	palmettes,	pin-wheel	 rosettes,	 sickle	
leaves,	chenar	leaves,	lotus	flowers,	buds,	leafs	and	two	vine-scrolls.		
	 Composition:	 Sickle	 leaves	 sinuously	 drawn	 play	 a	 main	 role,	 creating	 a	 dynamic	
rhythm	 within	 the	 various	 motifs	 displayed	 (Figures	 IV.	 23,	 IV.	 24	 and	 IV.	 25).	 The	









Figure	 IV.	 24:	 Field	 (detail)	 from	 ‘Vine	 scroll	 with	
Central	Void	and	Clouds	-	Sickle	 leaf’	carpet	 (Carpet	
with	 pattern	 of	 scrolling	 vines),	 Iran	 (?),	 17th	
century.	Lisbon,	MNAA,	86Tp.	
Figure	IV.	25:	Field	(detail)	from	‘Vine	scroll	with	
Central	 Void	 and	 Clouds	 -	 Sickle	 leaf’	 carpet	





















Here,	 elements	 of	 D0	 -	 Vine	 scroll	 with	 Central	 Void	 and	 Clouds	 -	 Sickle	 leaf	 are	
incorporated	 into	unusual,	 yet	 intricate	 and	elegant,	 compositions	displaying	 large-scale	
motifs.	Moreover,	the	level	of	design	sophistication	and	large	dimension	seen	in	the	single	
carpet	 displaying	 this	 field	 suggests	 a	 particular	 production	 setting,	 likely	 a	 resourceful	
carpet	workshop.	It	should	not	necessarily	be	interpreted	as	being	a	later	development	of	
D0	or	D1,	as	it	could	be	a	parallel	one.		
	 Motifs:	 Large	 dimensioned	 horseshoe-shape	 clouds,	 tchi	 clouds,	 palmettes,	
pomegranate	 palmettes,	 sickle	 leaves,	 chenar	 leaves,	 lotus	 flowers,	 bud	 and	 leafs.	 Two	
vine-scrolls	with	the	same	color.		
	 Composition:	 Sickle	 leaves	 sinuously	 drawn	 play	 a	 main	 role,	 creating	 a	 dynamic	












dimensions.	 However,	 in	 this	 case	 the	 large-scaled	 motifs	 were	 maintained	 but	 the	
sophisticated	composition	develops	towards	a	more	rigid	and	geometrical	one.	This	effect	
suggests	that	it	could	be	a	later	development	after	Fields	D0,	D1	and	D2.	These	designs	are	
found	 in	 large	 objects	 and	 appear	 to	 have	 been	 developed	 with	 the	 intention	 or	
decreasing	cost,	while	enhancing	the	speed	of	manufacture,	something	that	is	also	seen	in	
the	following	field	designs	E	and	F.	












new	composition,	 in	which	 they	are	used	 in	 repeating	patterns	 that	 create	a	 tile	effect.	


















Field	F	 is	 illustrated	by	 three	objects,	all	 sharing	with	 the	previous	 field	 types	C	and	D	a	
similar	 choice	 of	 fibers,	 weaving	 techniques	 and	 decorative	 vocabulary.	 The	 motifs	




	 Motifs:	 Quatrefoil-arabesque	 split-leaf,	 sickle	 leaves,	 chenar	 leaf,	 lotus	 palmette,	









Figure	 IV.	 30:	 Field	 (detail)	 from	 Tile	 Pattern’	
design	 –	 Quatrefoil	 Arabesque	 split-leaf	 (Carpet	
with	 pattern	 of	 scrolling	 vines	 and	 quatrefoil	
Arabesque	 split-leafs),	 Iran	 (?),	 17th	 century.	
Lisbon,	MNAA,	67Tp.																																												
Figure	IV.	32:	Field	(detail)	from	Tile	Pattern’	design	
–	 Quatrefoil	 Arabesque	 split-leaf	 (Carpet	 with	
pattern	 of	 scrolling	 vines	 and	 quatrefoil	 Arabesque	






a	 further	 classification	 of	 the	 field	 design	 and,	 therefore,	 only	 limited	 design	 analysis	 is	
attainable.	Nonetheless,	it	is	possible	to	differentiate	various	geometrical	and	large	motifs	
in	 a	 degenerated	 style;	 the	 motifs	 seen	 in	 the	 previous	 types	 are	 incorporated	 and	
displayed	in	original	compositions.		






fragment	 (Carpet	with	 large	 pattern	 of	 scrolling	










firmed	 a	 conclusion.	 It	 shows	 however,	 that	 the	 production	 of	 carpets	 with	 large-scale	
motifs	and	creative	compositions	were	being	produced.		
This	 design	evolution	 seems	 to	be	 supported	by	 the	 choice	of	 fibers	used	 in	 the	
knots,	warps	and	wefts,	which	progresses	from	the	use	of	silk	in	the	foundations	and	wool	
in	the	pile	of	carpets	exhibiting	Fields	A	and	B	and	C0,	to	exclusively	cotton	foundation	and	
wool	 pile.	Moreover,	 between	 variations	 of	 Fields	 C	 and	 D	 there	 are	 the	 suggestion	 of	
design	 evolution,	 beginning	 with	 a	 more	 sophisticated	 original	 design	 (C0	 or	 D0)	 that	
degenerates	to	something	with	 larger	scale	motifs	and	lower	knot	density	(C3	or	C4	and	
D3),	and	with	the	inclusion	of	a	new	motif	–	sickle	leaf	–	between	Fields	C	and	D.		


























These	 elements	 can	 be	 found	 in	
combination	with	several	guard-stripes	and	
with	 different	 colors	 or	 motifs	 (figure	 IV.	
36).	 The	 result	 is	 more	 intricate	 border	
design	 schemes.	 Understanding	 whether	
the	borders	were	customized	and	could	be	
use	as	a	potential	 tool	 for	determining	 the	
origins	 of	 these	 carpets	 is	 a	major	 goal	 of	




Of	 the	 59	 carpets	 examined,	 thirteen	 major	 borders	 were	 identified.	 The	 composition,	
pattern	 and	 motifs	 present	 in	 the	 carpet	 designs	 were	 the	 major	 criteria	 to	 identify	
different	borders.	Illustrated	descriptions	are	given	below	(table	IV.	1).	The	first	type	uses	
geometrical	 components,	 while	 the	 following	 use	 a	 combination	 of	 palmettes,	 lotus	
flowers,	 rosettes	 and	 other	 floral	 elements	 arranged	 along	 an	 undulating	 vine,	which	 is	
sometimes	visible	and	other	times	disguised	by	the	scale	and	number	of	motifs.		







Figure	 IV.	 38:	 Border	 (detail)	 from	 Vine	 scroll	 and	
lotus	 flowers	 carpet,	 Iran	 (?),	 16th	 century	 (?).	




































































From	the	survey	on	 the	 thirteen	major	borders,	22	minor	borders	–	 inner	and	outer	are	










Table	 IV.	 2:	Minor	 border	 design	 types	 identified	 in	 the	 52	 objects	 of	 Iranian	 attribution	 from	 this	
study.	






















































In	 addition	 to	 the	presence	or	 absence	of	motifs	 such	as	horseshoe-shaped	 clouds,	 tchi	
clouds,	 palmettes,	 chenar	 leaves,	 lotus	 flowers,	 the	 design	 analysis	 undertaken	 here	
permitted	 to	 identified	 further	 motifs	 such	 as	 the	 pin-wheel	 rosettes,	 tile-quatrefoil,	
















































of	 the	designs	 surveyed	 in	 the	59	 carpets,	 it	 is	 now	possible	 to	undertake	on	 the	 second	
phase	 of	 this	 study	 and	 begin	 the	 process	 of	 forming	 design	 groups.	 The	 occurrence	 of	




and	 major	 border	 systems,	 respectively,	 in	 the	 analysis	 above	 is	 maintained	 here	 (for	
example,	 Field	 A	 –	 Tree	 and	 Animal	 and	 Major	 border	 b	 –	 Arabesque	 split-leaf	 vine	






the	 evidence	 that	 sophisticated	 curvilinear	 designs	 developed	 from	 the	 work	 of	 court	
ateliers	and	were	interpreted	over	time,	and	in	other	contexts,	resulting	 into	more	stylized	
ones.	 Therefore,	 the	 comprehensive	 study	 of	 their	 style	 begins	 by	 identifying	 the	most	
sophisticated	designs	and	is	followed	by	looking	for	degenerations	of	them	to	establish	a	
design	 progression,	 as	described	 above.	The	proposed	 evolution	 of	 the	 field	designs	has	
been	organized	 for	 the	 reader,	after	 the	 complete	analysis	was	undertaken,	 to	 follow	 the	
natural	alphabetic	and	numeric	order,	i.e.	carpets	falling	into	Field	A	are	believed	to	precede	





depicted	 in	paintings	and	so	more	absolute	dates	 can	be	associated	with	 them,	at	a	 later	
stage	of	analysis	(see	Chapter	VI).	
By	 exploring	 the	 relationship	 between	 each	 border	 type	 and	 the	 field	 patterns	
associated	with	it,	 it	 is	possible	to	build	a	relative	chronology	for	the	actual	carpets	and	to	




motifs	 was	 maintained	 (see	 section	 IV.	 5.	 Motifs	 identification).	 Carpets	 and	 fragments	











of	 that	 seen	 in	 the	 Animal	 and	 Tree	 carpet:	 namely,	 the	 major	 border	 composition,	































Considerable	 uniformity	 is	 revealed	 when	 associating	 major	 border	 f	 with	 all	
variations	of	Field	C.	In	terms	of	evolution,	the	complexity	and	density	of	the	drawing	seen	
in	 C0	 -	Vine	 scroll	with	 Central	 Void	 and	 Clouds	 is	 transformed	progressively	 into	 a	 less	
dense	 and	more	 stylized	 design,	which	 reaches	 its	 height	 in	 C4	 (see	 section	 IV.	3.).	 This	




of	 Field	 D,	 namely	 in	D0	 -	Vine	 scroll	with	 Central	 Void	 and	 Clouds	 -	 Sickle	 leaf	and	D3	
Large-scale	Vine	 scroll	with	 Central	 Void	 and	Clouds	 -	Sickle	 leaf,	geometric	 composition	
(see	IV.	3	Field	designs	characterization)	seems	to	suggest	that	at	some	point	Fields	C	and	
D	may	 have	 overlapped,	 and	were	 produced	 in	 the	 same	 geographical	 space	 (region	 or	
workshop)	and/or	at	the	same	time,	something	we	will	return	to	in	Chapter	VII.	
Major	 border	 e	 –	 In-and-out	 arrangements	 of	 palmettes	 and	 lotus	 palmettes	 is	
displayed	 in	 two	 carpets	 belonging	 to	 Table	 IV.	 5.	 It	 follows	 the	 general	 in-and-out	
arrangement	of	major	border	f,	but	the	chenar	leaf	is	replaced	here	by	the	lotus	palmette,	







Two	variations	of	 fields	are	combined	with	this	border	and	 it	 is	notable	that	they	
are	the	same	ones	as	associated	with	major	border	f,	described	above:	namely	D0	and	D3.	
This	 indicates	 that	 borders	 e	 and	 f	were	 probably	 being	 used	 simultaneously	 for	 some	




Major	 border	 d	 –	 In-and-out	 lotus	 palmettes	 shares	 the	 composition	 of	 the	
previous	two	borders,	but	comprises	exclusively	lotus	palmettes	(Table	VI.	6).	In	addition,	









Both	 carpets	 are	 the	 only	 examples	 of	 this	 particular	 combination	 of	 field	 and	
major	border,	and	thus	indicating	that	major	border	d	was	a	less	popular	border	design	or	
applied	 only	 in	 specific	 circumstances,	 possibly	 through	 commission	 from	 a	 specific	
workshop.	
Major	border	c	-	Single	vine	meander	with	lotus	palmettes	and	large	buds	displays	a	











The	absence	of	obvious	differences	 in	 the	 level	of	 complexity,	density	or	scale	of	
the	motifs	in	this	border	type,	suggests	very	little	design	evolution	occurred	throughout	its	
production.	 Such	 consistency	 seems	 to	 suggest	 that	 these	 objects	 were	made	 during	 a	
narrow	 period	 of	 time	 and	 possible	 also	 in	 the	 same	 workshop.	 The	 presence	 of	 field	
 92	
variation	C2	with	borders	c	and	d	also	 suggests	 that	 they	may	be	earlier	border	designs	
than	e	which	is	only	combined	with	variations	of	field	D,	with	the	sickle	leaf.		
















Major	 border	 g	 –	 Lotus	 palmettes	 alternating	 with	 pairs	 of	 curved	 sickle	 leaves	
clasping	a	rosette	is	recognized	by	the	distinctive	combination	of	elements	described	in	its	
name,	especially	the	pairs	of	clasping	sickle	leaves,	seen	in	three	objects	(table	IV.	9).	This	
border	 is	 combined	 with	 two	 field	 designs,	 namely	 D0	 and	 D1.	 These	 fields	 share	 the	
inclusion	of	sickle	leaves,	while	the	second	is	distinguished	from	the	first	by	the	absence	of	
























































dynamic	 rhythm	 within	 the	 motifs	 displayed,	 while	 the	 pomegranate	 palmette	 is	
introduced	 for	 the	 first	 time.	 The	 uniqueness	 can	 also	 be	 seen	 in	 carpet	 26.277	 (see	
Appendix	D).	 In	 addition	of	 being	 the	only	 object	displaying	with	 Field	D2	–	 Large-scale	
Vine	scroll	with	Central	Void	and	Clouds	–	Sickle	 leaf,	 it	displays	border	 i.	Thus	 it	 is	 likely	
that	carpets	displaying	border	i	represent	particular	objects,	likely	commissioned.	
	 Major	border	 j	 -	Single	Vine	meander	with	 rosettes	and	buds	 appears	 in	 just	one	
carpet	with	Field	C4	-	Vine	scroll	with	Central	Void	and	Clouds	–	Pin-wheel	 (table	VI.	13).	
The	presence	of	 this	 very	 unique	border	 together	with	 the	 last	 version	of	 Field	C	offers	
strong	support	for	the	idea	that	border	group	j	represents	a	production	with	very	precise	
features.	 In	particular,	 as	no	other	 carpet	among	 the	59	 included	here	 shares	 the	 same	








All	 three	 carpets	with	major	 border	k	–	Pomegranate	 palmettes	 alternating	with	
cypress	trees	exhibit	the	same	field,	namely	F	-	Tile	pattern	design	–	Quatrefoil	arabesque	
split-leaf	 (table	 IV.	 14).	 Such	 homogeneity	 suggests	 a	 well-circumscribed	 production	 in	
both	 time	 and	 space.	 The	 large	 dimensions	 objects	with	 border	 k	 appear	 to	 reflect	 a	
popular	 design	 combination.	 Motifs	 of	 arabesque	 split-leaf	 or	 octafoils,	 sickle	 leaves,	
chenar	leaves,	lotus	palmette	and	pomegranates	are	displayed	repeatedly	in	off-set	rows.	
 95	









Finally,	 major	 border	 l	 –	 In-and-out	 palmettes	 alternating	 with	 large	 meander	


















Given	 the	 proposed	 relative	 chronology	 of	 the	 fields,	 in	which	 C	 is	 estimated	 to	
precede	 F,	 it	 would	 appear	 that	major	 border	 c	 is	 probably	 earlier	 than	 k.	 In	 addition,	
border	a	appears	 in	association	with	 fields	B	and	C0,	 the	 first	variation	of	 field	C,	which	
could	indicate	that	it	is	earlier	than	c.	Two	of	the	border	groups	are	comprised	by	a	single	
carpet,	 namely	 border	 b	 with	 field	 D1	 and	 border	 j	 with	 C4.	 Although	 the	 relative	
chronology	of	these	two	groups	(b	and	 j)	remains	to	be	clarified	they	seem	to	represent	
distinctive	products.		












possibly	 reflect	 regional	 production	 involving	 either	 a	 single	 major	 industry	 or	 several	
workshops	working	closely.	
Finally,	the	systematic	analysis	of	their	design	presented	in	this	chapter	offers	new	
clear	 and	 suitable	 labels	 to	 the	 various	 designs	 previously	 described	 under	 the	 ‘Indo-
Persian’	 designation.	 In	 addition,	 two	 significant	 observations	 emerge	 from	 the	 design	
analysis:	firstly,	some	borders	appear	with	a	very	limited	range	of	field	designs	suggesting	
that	these	carpets	were	made	in	 localized	setting	–	a	workshop	or	town;	secondly,	other	
borders	 appear	 to	 have	 been	 more	 popular	 and	 were	 combined	 with	 multiple	 field	
designs.	This	fact	can	be	interpreted	in	two	ways:	1)	by	transmission	of	designs	between	
multiple	workshops	working	closely	 in	a	wider	region	or	 large	city,	or	2)	by	an	increasing	


































Textiles	 have	 been	 colored	 throughout	 history	 using	 dyes	 from	 across	 the	 globe.	
Sources	for	dyes	are	locally	available	in	plants,	insects,	shellfish	and	lichens.1	Due	to	





craft	 of	 dyeing	 was	 held	 by	 only	 a	 few	 master-dyers.	 In	 the	 past	 few	 decades’	








by	 different	 civilizations	 around	 the	 world.5	For	 countries	 ranging	 from	 Turkey	 to	

















In	order	 to	 identify	workshops	equipped	 for	 carpet	production	 such	as	 the	
‘Indo-Persian’	 carpets	 in	 this	 study,	 more	 knowledge	 of	 how	 court	 and	 urban	
workshops	 operated	 is	 required.	 Likewise,	 it	 is	 necessary	 to	 comprehend	 the	
physical	 space	 and	 division	 of	 labor	 in	 the	 workshop,	 to	 understand	 who	 was	
responsible	for	the	aesthetics,	the	design,	the	composition	and	the	colors,	and	who	
was	in	charge	of	choosing	and	acquiring	the	raw	materials.8	Through	scholarly	works	








such	 as	 the	 seeds,	 roots,	 stems,	 leaves,	 flowers,	 fruits,	 etc.	 Thus,	 the	 use	 and	
preference	 for	 a	 certain	 dyestuff	 would	 be	 dependent	 on	 the	 availability	 of	 the	
plants,	skills	and	knowledge	of	master-dyers	to	achieve	desired	hues	in	a	workshop.	
The	validation	of	 the	significance	of	 the	materials	collected	from	historical	 records	
relies	on	analysis	of	historical	objects.	 Thus,	modern	 science	has	been	essential	 in	
																																																						
8	Porter,	 1994.	 During	 14th	 and	 15th	 centuries	 in	 Europe	 “(…)	 certain	 German	 and	 Italian	 cities,	
specialization	 among	dyers	was	 taken	 even	 further:	 among	 those	producing	 the	 same	 color,	 dyers	
were	distinguished	by	which	coloring	substance	they	had	the	right	to	use.	For	example,	in	Nuremburg	
and	Milan	 in	 the	 fourteenth	 and	 fifteenth	 century,	 red	 dyers	who	 employed	madder,	 which	 grew	
abundantly	 in	Western	Europe	and	was	reasonably	priced,	had	a	 legal	status	different	 from	that	of	
dyers	 who	 used	 cochineal	 dye	 and	 kermes,	 products	 that	 were	 imported	 at	 great	 expense	 from	
Eastern	 Europe	 and	 the	 Middle	 East.	 Each	 group	 paid	 different	 taxes	 and	 obeyed	 different	








uncovering	new	 information	by	 studying	historical	 Iranian	 and	 Indian	 textiles	with	
from	significant	collections.10		
The	 variety	 of	 possible	 dyes	 for	 red,	 yellow	 and	 brown	 colors	 available	 to	
Iranian	and	 Indian	dyers	 is	outlined	below,	and	 followed	by	a	 full	discussion	of	 the	
dye	analyses	and	results.	First,	by	describing	the	results	obtained	for	the	analysis	of	








sources	are	responsible	 for	 the	majority	of	 red	colors	 in	historical	 textiles.11	Dyer’s	
Kermes	 (Kermes	vermilio	Planchon),	Cochineal	 (Dactylopius	 sp.	and	Porphyrophora	
sp.)	and	Lac	dye	(Laccifer	Lacca	Kerr)	are	parasitic	insects	hosted	by	different	plants	
occurring	in	different	regions,	known	to	be	used	by	different	textile	traditions.12		
Cochineal	 and	 lac	 dye	 insects	 comprise	 different	 compounds	 and	 minor	
compounds	 making	 them	 easily	 distinct.13	The	 usage	 of	 cochineal	 in	 textiles	 is	
frequently	detected	due	to	the	presence	of	its	main	chromophore,	carminic	acid	(2-
C-glucopyranoside	 of	 kermesic	 acid)	 and	 other	 minor	 such	 as	 dcII	 (2-C-
glucopyranoside	 of	 flavokermesic	 acid),	 dcIV	 (2-C-α-glucopyranoside	 of	 kermesic	
acid),	 dcVII	 (2-C-β-glucopyranoside	 of	 kermesic	 acid),	 flavokermesic	 acid	 and	
kermesic	 acid.14	Polish	 and	 Armenian	 cochineal	 species	 (Porphyrophora	 polonica	
Linnaeus	 and	 Porphyrophora	 hamelii	Brandt)	 are	 stated	 to	 have	 been	 one	 of	 the	
																																																						
10	Idem.	
11	Wouters,	 1985;	Wouters	 and	 Verhecken,	 1989a;	Wouters	 and	 Verhecken,	 1989b;	 Santos,	 2010;	
Serrano	et	al.	2011;	Santos	et	al.	2015;	Phipps,	E.	2010b.		



















red	coloring	matter	 is	soluble	 in	water	and	contains	the	 laccaic	acids	A,	B,	C,	D	(or	
flavokermesic	acid)	and	E,	principal	chromophores	of	lac	dye.18		
Kermesic	 acid	 and	 flavokermesic,	 are	 major	 and	 minor	 chromophores,	
respectively,	 of	 the	 insect	Kermes	 vermilio	Planchon	 from	 the	 Kermesidae	 family.	
Kermes	 vermilio	 Planchon	 is	 native	 to	Mediterranean	 regions,	 where	 kermes	 oak	





Being	 lovers	of	Luxury	and	splendor,	 the	cloth	purple	exercised	an	 irresistible	 fascination	 for	 them.	
When	Darius	went	 to	meet	 Alexander	 the	 Great,	 he	wore	 one	 of	 these	 garments	 embroidered	 in	
white.	 In	 331	 B.C.,	 Alexander	 conquered	 the	 Persian	 capital,	 Susa,	 and,	 in	 the	 royal	 treasury,	 he	
discovered	some	purple	garments	 that	were	worth	 five	 thousand	 talents.	 It	was	averred	 that	even	
though	 these	 garments	 were	 about	 two	 hundred	 years	 old,	 they	 still	 retained	 a	 remarkable	
freshness.	 (…)	The	heirs	of	 this	 refined	art	 are	 the	 creators	of	 the	 famous	Persian	 carpets	 that	are	
greatly	admired	for	their	original	designs	vivified	by	refined	polychrome	coloring.	The	colors	in	these	










insect	were	expensive	 red	 insect	dye	use	 in	historical	 textiles.	 It	 is	 reported	 to	be	
distinguishable	 alone	 but	 not	 in	 mixtures	 with	 cochineal	 or	 lac,	 since	 they	 share	
similar	compounds.21		
On	the	other	hand,	several	studies	report	the	use	of	vegetal	dye-sources	to	
attain	 red	 colored	 fibers	 in	 historical	 textiles.22	Rubia	 sp.	 (madder)	 or	Oldenlandia	
umbellata	L.	(Chay	or	Chayroot)	are	among	the	most	prevalent,	with	Madder	being	





used	 as	 a	 dyestuff	 in	 Japan	 for	 centuries.25 	Thus	 making	 species	 identification	
extremely	 significant	 for	 purpose	 of	 providing	 information	 about	 its	 history	 and	
technology	of	dyeing	practices	applied	in	historical	textiles	produced	elsewhere.		
Recent	dye	studies	clarify	that	textiles	dyed	with	Rubia	tinctorum	L.	contain	
primarily	 alizarin,	while	other	dyed	with	Rubia	 cordifolia	L.	 and	Rubia	peregrina	L.	
contain	mostly	purpurin,	munjistin	and	pseudopurpurin	with	 small	or	no	 traces	of	
alizarin.	Yet,	no	reliable	distinction	between	the	latter	two	is	possible.26	Also,	Lady’s	
Bedstraw	 (Galium	 verum	 L.)	 found	 in	 Western	 Asia	 to	 Himalayas	 is	 known	 by	
																																																						
21 	Serrano,	 et	 al.	 2015:	 “(…)	 it	 has	 been	 demonstrated	 that	 compounds	 ratio	 in	 the	 colorant	
composition	are	directly	related	to	the	type	of	fibres	(especially	silk)	used	and	the	dyeing	parameters	




23	“Beginning	 in	 the	 1230’s	 woad,	 like	 madder,	 was	 produced	 on	 practically	 an	 industrial	 scale	 in	
order	 to	 satisfy	 the	 growing	 demands	 of	 weavers	 and	 dyers.	 (…)	 Numerous	 documents	 attest	 to	
violent	 conflicts	 between	merchants	 of	 madder	 (used	 to	make	 red	 dye)	 and	 woad,	 reflecting	 the	
economic	 stakes	 of	 changing	 fashions	 in	 color	 (…)”	 in	 Pastoureau,	 2001,	 pp.63-66;	 Böhmer,	 2002;	
Cardon,	2007;	Garfield,	2001,	p.	90.	
24	“Let	 us	 say	 a	word	 about	madder	 (Rubia	 tinctoria,	 runas)	 because,	 even	 though	 it	 is	mentioned	
only	occasionally	here,	it	is	undoubtedly	the	most	abundantly	used	red	dye	in	Iran.	Extensively	grown	







providing	 an	 orange-red	 color,	 characterized	 by	 pseudopurpurin,	 munjistin,	
rubiadin.27		
Sappanwood	 (Caesalpinia	 sappan	 L.)	 belongs	 to	 the	 group	 of	 Redwoods28,	
particularly	 to	 a	 type	 of	 trees	 with	 soluble	 redwoods.	 Redwoods	 first	 came	 from	
Java	around	1350,	but	its	use	as	a	mordent	dye	is	reported	from	late	12th	century.29	
Sappanwood	grows	mainly	 in	hilly	 areas	at	 low	or	medium	altitudes	with	 clay	 soil	
and	calcareous	rocks	and	is	known	to	be	native	to	the	region	between	central	and	













Their	easy	accessibility	and	vast	variety	are	believed	 to	have	 led	 to	 local	 sourcing.	
However,	one	cannot	exclude	the	possibility	that	some	well-equipped	and	endowed	




28 	“Redwoods	 are	 tropical	 woods	 whose	 heartwood	 contains	 red	 dyestuffs,	 both	 soluble	 and	
insoluble	in	water,	thus	the	differentiation	between	“soluble”	and	“insoluble”	redwoods”.	In	Böhmer,	









Numerous	 yellow	dye-sources	of	 variable	quality	 are	 found	 to	be	native	 to	
various	geographical	 locations	ranging	from	Europe	to	China.	However,	knowledge	
of	their	use	in	dyeing	practices	from	local	textile	tradition	is	reported	for	some	more	
than	 others.	 Significant	 yellow	 dye-sources	 used	 in	 Iran	 and	 India,	 as	 well	 as	
surrounding	 areas,	 will	 be	 characterized	 in	 the	 subsequent	 paragraphs.	 Later,	
establishing	 difference	 between	 dye-sources	 occurring	 in	 Iran,	 India	 and	
surrounding	 areas,	 and	 dye-sources	 found	 in	 historical	 textiles	 or	 mentioned	 in	
historical	recipes	from	textile	Iranian	or	Indian	traditions.		
Some	of	the	plants	known	to	have	been	use	for	their	coloring	properties	are	
Rhamnus	saxatilis	 Jacq.	 (Persian	Berries),	Serratula	tinctoria	L.	 (Saw-wort),	Phlomis	
armeniaca	 Willd,	 Daphne	 oleoides	 Schreber	 and	 Daphne	 gnidium	 L.	 (Flax-leave	
Daphne).	With	the	exception	of	Persian	Berries,	these	are	luteolin	based	yellow	dye-
sources	 native	 to	 Turkey	 and/or	 surrounding	 regions.	 Persian	 Berries	 from	 the	
Rhamnaceae	family	are	recognized	to	grow	on	calcareous	soils	in	the	Mediterranean	
region.	 Saw-wort	 is	 commonly	 found	 in	 meadows,	 woods	 and	 hills	 of	 temperate	
areas	of	Europe	and	Asia.	Serratula	coronata	L.,	one	particular	species	of	saw-wort,	
is	 found	 to	develop	 in	mountain	 fields	 in	Eastern	Europe,	 central	 and	East	Asia	or	
Siberia.33	Saw-wort	 delivers	 colors	 ranging	 from	 yellow	 to	 orange	with	 acceptable	
light	fastness,	with	apigenin	and	kaempferol	as	its	major	compounds.34		
The	dyestuffs	most	associated	with	yellow-dye	practices	in	classical	times	in	
Europe,	 the	 Mediterranean	 and	 the	 Middle	 East	 are	 Reseda	 luteola	 L.	 (Weld),	
Cotinus	 coggygria	 Scop.	 (Young	 fustic)	 and	 Delphinium	 semibarbatum	 L.	 (Yellow	
Larkspur).	The	first,	weld,	 is	a	 luteolin-based	dye	that	was	most	appreciated	for	 its	
beautiful	 color	 and	 light	 fastness. 35 	Commonly	 found	 in	 Ottoman	 and	 Iranian	












was	 a	 highly	 appreciated	 yellow	 dyestuff	 in	 Mediterranean	 Europe,	 especially	 in	
Italy,	for	the	dyeing	of	silk	and	wool.37		
Yellow	 Larkspur	 can	 be	 found	 in	 central	 Asia,	 Iran,	 Afghanistan,	 Northern	
Pakistan	and	India.38	Its	use	is	also	reported	in	recipes	from	Ahmedabad,	India	and	
regions	of	Sialkot	and	Gujranwala,	Pakistan	to	dye	cotton	and	wool	giving	it	a	bright	
yellow.	The	dye-matter	 from	yellow	 larkspur	can	be	obtained	 from	flowers,	 leaves	
and	 stems,	 and	 characterized	 by	 the	 occurrence	 quercetin,	 kaempferol	 and	
isorhamnetin,	 major	 chromophores. 39 	In	 historical	 textiles,	 the	 use	 of	 Yellow	
Larkspur	has	been	reported	in	 Islamic	carpets	and	velvets	from	the	Safavid	period,	
which	attests	to	its	use	in	silk	dyeing.40	In	addition,	some	recipes	mention	the	use	of	




in	 a	wide	 geographical	 area	 that	 can	 range	 from	Mediterranean	 regions	 (Crete	 to	
Turkey),	through	Central	Asia	to	as	Far	East	as	Nepal	at	the	northeast	border	of	what	
is	 today	 India.	 Bastard	 hemp	 has	 sprays	 of	 yellow	 flowers	 but	 its	 yellow	 dye	 is	
derived	from	the	roots.43		
Pomegranate	(Punica	granatum	L.)	is	native	to	southwestern	Asia	from	India	
and	 Pakistan	 to	 Iran.	 Used	 as	 a	 dyestuff	 since	 Antiquity,	 it	 is	 still	 today	 a	 highly	















Eastern	 countries,	 for	 example	 Afghanistan.44	Tannins,	 gallic	 and	 ellagic	 acids	 and	
other	as	 yet	unidentified	yellow	compounds	are	 frequently	 found	 in	pomegranate	
peels.45				
Crocus	sativus	 L.	 (Saffron),	Tectona	grandis	 L.f.	 (Teak),	Solidago	grandis	DC.	
(Golden	 rod),	Tagetes	 sp.	 (Marigold),	Butea	Monosperma	 L.	 (Flame	of	 the	 forest),	
and	 Curcuma	 longa	 L.	 (Turmeric)	 are	 yellow	 dye-sources	 associated	 with	 dyeing	
practices	 in	 India	 and	 Southeast	 Asia.46	The	 presence	 of	 turmeric	 in	 19th-century	
Chinese	textiles	 is	well	 reported47,	yet	 its	use	and	trade	can	be	traced	back	 to	 the	
Roman	 Empire.48	It	 can	 be	 found	 in	 tropic	 and	 subtropics	 from	Africa	 to	 India,	 Sri	
Lanka,	 Indonesia,	 and	 southern	China.	Applied	 to	dye	cotton,	wool	and	 silk	 fibers,	
which	depending	on	the	type	of	dyeing	(direct	or	mordant)	can	vary	from	yellow	to	




For	 a	 better	 understanding	 of	 the	 usage	 of	 dye-sources	 in	 brown	 colors	 more	
research	 is	 required.	However,	 evidence	of	 several	 plants	 used	 as	 dye-sources	 for	
brown	colors	is	provided	in	the	bibliography.	These	can	be	found	in	areas	from	the	
Mediterranean	 to	 Southeast	 Asia.	 Among	 them	 are	 Juglans	 regia	 L.	 (Walnut	 tree)	
with	juglone	as	its	main	chromophore	and	excellent	light	fastness,	Quercus	robur	L.,	















Acacia	 catechu	 (L.f.)	 Willd	 (Cutch	 Tree)	 is	 native	 to	 India,	 Sri	 Lanka	 and	
Southeast	Asia,	yet	 its	usage	as	a	brown-dyestuff,	 in	direct	or	mordant	dyeing,	has	
been	 known	 in	 India	 for	 thousands	 of	 years.51	Its	 availability	 and	 light	 fastness,	
together	with	adjustability	to	several	dyeing	processes	turn	 it	 into	a	very	desirable	
dye-source.	Tannins	are	the	main	dye	compounds	found	in	cutch	tree.	Another	dye-
source	 native	 to	 India	 and	 Ski-Lanka	 used	 for	 brown	 colors	 is	Anogeissus	 latifolia	
Wall.	(Indian	sumac).		
It	 is	against	 this	background	 that	 Iranian	and	 Indian	master	dyers	prepared	
the	 colored	 yarns	 used	 for	 the	 carpets	 studied	 here.	 However,	 identifying	 the	
precise	 source	 requires	access	 to	appropriate	 samples	and	sophisticated	analytical	






are	 labeled	 as	 ‘Indo-Persian’	 and	 attributed	 to	 Iran	 (Iran?).	 Such	 attribution	 lacks	
corroboration,	 therefore	 over	 800	 dye-analyses	 were	 conducted	 using	 High	
Performance	 Liquid	 Chromatography	 coupled	 with	 Mass	 Spectrometry	 (HPLC-MS).	
This	 high	 sensitive	 analytical	 technique	 combines	 the	 separation	 capabilities	 of	
liquid	 chromatography	 with	 the	molecular	 identification	 of	 mass	 spectrometry	 to	
understand	 if	 identical	 compounds	 exist	 between	 the	 ‘Indo-Persian’	 and	 the	 Early	
Safavid	 and	 Indian	 objects.	 Moreover,	 reference	 database	 was	 developed	 using	
several	 chemical	 standards,	 insect	 species,	 and	 wool	 samples	 dyed	 using	 plants	
collected	in	Iran	to	further	improve	the	identification	of	dye	compounds	present	in	
the	historical	wool	 samples.	On	 the	basis	of	 statistical	methods	 the	 resulting	data	










Two	or	 three	 samples	 from	each	 color	were	 collected	 from	different	 areas	 of	 the	
object	 and,	 whenever	 possible,	 from	 field	 and	 border	 of	 each	 carpet	 to	 ensure	
representative	results.	This	procedure	took	into	consideration,	in	all	cases,	the	number	
of	hues	as	well	as	the	state	of	conservation	of	the	object,	thereby	avoiding	any	threat	
to	 the	 physical	 condition	 and	
preservation	 of	 the	 carpets	
(figures	V.	8	and	V.	9).		






Spectrometry	 (HPLC-MS).	 Together,	 these	 analytical	 techniques	 enabled	 the	
achievement	 of	 more	 accurate	 results	 for	 detail	 characterization	 and,	 thus,	 the	
distinction	of	dye-sources.			
Both	techniques	were	conducted	at	the	José	de	Figueiredo	Laboratory	(LJF-
DGPC)	 (Lisboa)	 and	 at	 the	Department	 of	 Conservation	 and	 Scientific	 Research	 of	
the	 Freer	 and	 Arthur	 M.	 Sackler	 Galleries	 of	 Art,	 Smithsonian	 Institution	 (DCSR-
FSGA)	(Washington,	DC).	At	the	LJF-DGPC	José	de	Figueiredo	Laboratory,	an	LC-MS	
from	 Waters®	 with	 Millennium	32	 software	 was	 used,	 while	 at	 DCSR-FSGA,	 a	
















references,	 including	 samples	 from	 the	Asian	Organic	Colorants	 project	 from	 the	
Getty	 Conservation	 Institute53	as	 well	 as	 two	 sets	 of	 wool	 samples	 dyed	 using	
plants	collected	 in	 Iran,	one	 from	Dr.	Richard	Laursen	 (Department	of	Chemistry,	
Boston	University,	Boston	MA,	USA)	and	another	from	the	project	Redevelopment	
of	 traditional	 Plant-based	 dyeing	 Techniques	 in	 Iran	 to	 help	 women	 in	 local	
communities	become	Self-supporting	from	Toyo	Bunko.54	
Of	 the	 59	 carpets	 and	 carpet	 fragments	 included	 in	 our	 study,	 seven	 are	
recognized	to	have	an	Indian	origin	(Mughal	and	Deccani)	and	other	52	are	currently	
classified	under	the	‘Indo-Persian’	designation	and	attributed	to	Iran	on	the	basis	of	
their	 technique.	 In	 total	 762	 historical	 wool	 textile	 samples	 were	 collected	 from	
objects	 belonging	 to	 Museu	 Nacional	 de	 Arte	 Antiga	 and	 Museu	 Nacional	 de	
Machado	de	Castro	(Portugal),	The	Textile	Museum,	The	National	Gallery	of	Art	and	
the	former	Corcoran	Gallery	of	Art,	all	based	in	Washington,	DC.	Over	800	analyses	
were	 conducted	 and	 the	 results	 were	 then	 analyzed	 using	 chromatographic	
techniques	and	interpreted	on	the	basis	of	statistical	methods,	discussed	below.	This	
large	 amount	 of	 chemical	 data	 is	 then	 further	 related	 with	 and	 art	 historical	









for	 Overseas	 History	 (CHAM),	 Faculdade	 de	 Ciências	 Sociais	 e	 Humanas	 -	 Universidade	 Nova	 de	
Lisboa,	Portugal.	







Processing	 thousands	 of	 spectra	 collected	 from	 the	 more	 than	 800	 dye	 analyses	
performed	 by	 HPLC-MS	 represented	 an	 enormous	 challenge	 for	 this	 study.	
Understanding	 such	 a	 large	 amount	 of	 data	 (samples,	 colors	 and	 variables),	 while	
ensuring	minimum	information	loss	required	the	use	of	specialized	techniques	of	data	
analysis.	 As	 stated	 by	 Reedy55 	statistics	 are	 frequently	 used	 to	 describe	 objects,	
estimate	 the	 characteristics	 of	 a	 population	 from	 a	 sample,	 and	 test	 hypotheses	 or	
ideas	about	the	subject	of	a	study.		
	 Several	 conservation	 research	 projects	 have	 used	 statistical	 analysis	 and	
multivariate	analysis	tools	to	optimize	the	use	of	the	data	collected.	However,	when	
approaching	art	materials,	and	especially	art	objects,	 two	particular	characteristics	
need	 to	 be	 considered	 regarding	 the	 variability	 in	 any	 statistical	 analysis:	 1)	 the	
object	 individuality,	 i.e.,	distinct	composition,	form	or	history	and	2)	heterogeneity	
between	objects,	 i.e.,	which	 features	 should	and	 can	be	 related	or,	 in	 the	 case	of	
palette	 studies,	 what	 colors	 and	 compounds	 one	 should	 look	 at.	 Such	 variability	
requires	attentive	consideration	of	the	statistical	procedures	used	at	each	stage	of	
data	analysis.	Preferably,	the	selection	of	the	most	appropriate	method	of	statistical	
analysis	 for	 a	 given	 project	 is	 a	 result	 of	 careful	 reflection	 on	 both	 the	 scientific	
questions	to	be	answered	and	the	structure	of	the	data	collected.56	
	 When	 considering	 the	 data	 one	 must	 focus	 on	 three	 major	 areas:	 the	
objects’	 authentication,	 provenance	 and	 color	 palette.	 The	 aim	 of	 this	 study	 is	 to	
organize	 the	 available	 carpets	 by	 similarity,	 taking	 into	 consideration	 for	 that	
purpose	 all	 available	 information,	 from	 such	 diverse	 origins	 as	 design	 analysis	 to	
fibers,	techniques	and	chemical	composition	of	the	dyes.	Due	to	the	complexity	and	
amount	 of	 information	 obtained	 from	 the	 chemical	 analysis	 (HPLC-MS)	 of	 dyes	
present	in	carpet	samples,	multivariate	analysis	is	of	great	importance	for	extracting	










as	 chemistry	 or	 engineering	 for	 purposes	 of	 measurements	 with	 the	 goal	 “to	
efficiently	produce	an	empirical	or	semi-empirical	model,	derived	from	data,	which	is	
used	 to	 estimate	 one	 or	 more	 properties	 of	 a	 system	 from	 measurements”.57	The	
effectiveness	of	such	techniques	 in	textile	studies	was	proven	 in	previous	studies	on	
Laccifer	 Lacca	 Kerr	 and	 Paratachardina	 sp.	 (lac	 dye)	 and	 Dactylopius	 coccus	 sp.	
(cochineal).58	
		 This	 study	 had	 the	 collaboration	 of	 Dr.	 Jorge	 Sarraguça	 from	 LAQV	 /	
REQUIMTE	at	Faculdade	de	Farmácia,	Universidade	do	Porto	(Porto,	Portugal),	who	
performed	the	statistical	analysis.59	Principal	component	Analysis	(PCA)	was	used	as	
a	data	compression	and	 information	extraction	tool	 for	exploratory	analysis	of	 the	
dyes	 according	 to	 chemical	 composition	 retrieved	 from	 the	 HPLC-MS	 analysis.	
Working	 with	 datasets	 where	 each	 sample	 is	 described	 by	 a	 large	 number	 of	
variables	often	 implies	 that	a	great	deal	of	 correlated	or	 redundant	 information	 is	
present,	 and	 thus	 information	must	 be	 compressed	 in	 a	manner	 that	 retains	 the	












59 	Results	 of	 dye	 analysis	 by	 HPLC-MS	 were	 compiled	 in	 a	 data	 table	 according	 to	 chemical	
composition	 and	 provided	 to	 Sarraguça	 (LAQV	 /	 REQUIMTE,	 Laboratório	 de	 Química	 Aplicada,	
Departamento	de	Química,	Faculdade	de	Farmácia	da	Universidade	do	Porto,	Rua	Jorge	Viterbo,	n.º	









A	 reference	 database	 was	 developed	 using	 several	 chemical	 standards,	 insect	
species,	and	wool	samples	dyed	using	plants	collected	in	Iran,	such	as	Euphorbia	sp.	
(Euphorbia	rigida	M.	Bieb	60),	Nonea	sp.,	Papaver	sp.,	Prangos	sp.,	Anacardiaceae	-	
which	 include	 possibilities	 such	 as	 turpentine	 tree,	 wild	 pistachio,	 dyer’s	 sumac,	
sicilian	 sumac,	 Lamiaceae.61	Furthermore,	 fiber	 samples	 belonging	 to	 the	 Asian	
Organic	 Colorants	 project	 from	 the	Getty	 Conservation	 Institute	 (Los	Angeles,	 CA)	
and	 to	 the	project	Redevelopment	 of	 traditional	 Plant-based	dyeing	 Techniques	 in	
Iran	to	help	women	in	 local	communities	become	Self-supporting	from	Toyo	Bunko	
(Japan).		
The	 list	 of	 all	 compounds	 found	 on	 the	 reference	 samples	 is	 given	 in	
Appendix	 G.	 The	 reference	 samples	 analysis	 permitted	 the	 identification	 of	 some	
unknown	 compounds	 detected	 in	 historical	 samples.	 Some	 of	 these	 compounds	
were	identified	in	several	reference	samples,	thus	restraining	their	association	with	
a	 family	or	more	 specific	dye-source.	 From	a	 total	of	16	wool	 samples	dyed	using	
plants	collected	in	Iran,	something	often	incredible	difficult	to	obtain,	approximately	


















of	 these	 colors	 compounds	 were	 detected	 using	 High	 Performance	 Liquid	
Chromatography	and	Mass	Spectrometry	(HPLC-MS).		
The	results	from	this	data	were	process	afterwards	using	statistical	methods,	
comprised	 first	 by	 a	 PCA	 –	 data	 compression	 from	 dyes	 according	 to	 chemical	
composition	retrieved	from	HPLC	into	clusters	–	groups	of	compounds	and	objects,	
followed	 by	 Hierarchical	 Cluster	 Analysis	 (HCA),	 a	 tree	 shaped	 graphical	
representation	 reflecting	 the	 association	 between	 samples,	 on	 the	 basis	 of	 the	
detected	 compounds.	 A	 summary	 of	 these	 results	 is	 presented	 in	 a	 table	
accompanied	 by	 a	 discussion	 of	 their	 significance.	 Moreover,	 when	 referring	 to	








Results	 from	the	analysis	of	the red	historical	samples	from	54	carpets	 (all	objects	
from	the	available	set	 in	which	the	color	red	was	used)	revealed	that	 lac	dye	from	
Laccifer	Lacca	Kerr	was	used	to	obtain	the	red	colors	in	carpets	attributed	to	Iran	or	
India	 (Mughal	 and	 Deccan).	 Together	 with	 Kerria	 species,	 sappanwood	 was	 also	
found	to	be	one	of	the	principal	dye-sources.	Identification	of	lac	dye	in	an	Iranian	




























Figure	V.	 11:	 Sampled	areas	 for	 reds	 from	an	 Indian	carpet	 (Inv.	No.	12Tp)	belonging	 to	MNAA.	
Image	of	a	red	sample	(0.13	mg),	with	its	4	cm	long	container.	At	bottom	right	are	UV-VIS	and	MS	





Figure	V.	 12	 shows	a	 graphical	 representation	of	 loadings	obtained	 for	 the	
PCA	 analysis	 of	 red	 historical	 samples.	 The	 loadings	 plots	 display	 the	 descriptive	
chemical	compounds	determined	by	the	HPLC-MS	analysis	(figures	V.	12,	V.	13	and	
V.	16b).		


































































Figure	 V.	 12:	 PC1	 vs	 PC2	 loadings	 for	 principal	
component	 analysis	 of	 all	 samples	 of	 red	
pigments.	Graph	courtesy:	Jorge	Sarraguça.	
Figure	 V.	 13:	 PC1	 vs	 PC3	 loadings	 for	 principal	
component	 analysis	 of	 all	 samples	 of	 red	
pigments.	Graph	courtesy:	Jorge	Sarraguça.	
	
These	 are	 responsible	 for	 the	 main	 variance	 in	 the	 samples	 and	 can	
essentially	be	grouped	into	six	groups	of	a	correlation	pattern:	i)	laccaic	acids	A	and	
B;	 ii)	 laccaic	 acids	 C	 and	 E,	 unknown	 red	 compounds	 8	 and	 13	 and	 orang/red	
compound	 1;	 iii)	 lac	 yellows	 1	 and	 2,	 flavokermesic	 acid	 and	 soluble	 redwood	
component;	 iv)	 unknown	 yellow	 compound	 14	 and	 colorless	 compound	 6;	 v)	
unknown	 yellow	 compound	 4	 and	 UnkB3;	 vi)	 unknown	 yellow	 compound	 13,	
colorless	compounds	4	and	10.		Some	more	chemical	compounds	are	observed	to	be	





essentially	 separated	 along	 PC1.	 A	 characterization	 of	 the	 samples	 based	 on	 the	
chemical	composition	can	be	extracted	from	the	PCA	by	analysing	the	scores	values,	
in	 conjunction	 with	 hierarchical	 cluster	 analysis.	 As	 a	 result,	 three	 groups	
(corresponding	to	different	colors	in	the	score	plots)	were	obtained	by	Hierarchical	






















The	 classification	 into	 three	 large	 groups	 may	 provide	 some	 leads	 for	 a	
future	research	on	geographical	origin	based	on	chemical	composition	of	colorants.	
Table	V.	1	summarizes	information	for	each	cluster,	the	existing	compounds	with	a	






































































































































































The	 loadings	 in	 the	Blue	cluster	 (squares)	 show	that	 this	group	 is	markedly	
different	from	the	rest	mainly	due	to	its	composition	in	what	refers	to	laccaic	acid	A,	
B,	 C,	 E,	 unknown	 red	 compound	 13,	 Unknown	 red	 compound	 8	 and	 ellagic	 acid	









loadings	 distributions,	 reveals	 that	 the	 main	 compounds	 responsible	 for	 the	
separation	 of	 the	 green	 cluster	 are	 unknown	 yellow	 compound	 13,	 colorless	
compounds	4	and	10,	unknown	orang/red	compound	2	and	 laccaic	acids	A	and	B,	

















The	elements	pertaining	 to	 the	 “blue	 cluster”	 are	 represented	by	blue	open	 squares	 for	 enhanced	
reading	of	the	other	clusters.	Graph	courtesy:	Jorge	Sarraguça.	
	
A	 preliminary	 distinction	 between	 carpets	 based	 on	 the	 chemical	
composition	 of	 red	 historical	 samples	 is	 provided	 in	 the	 three	 clusters	 previously	
discussed.	It	demonstrates	that	the	notion	that	only	Laccifer	Lacca	Kerr	(lac	dye)	was	
used	 in	 the	 reds	 in	 dyeing	 practices	 in	 Iran	 and	 India	 can	 be	 disputed.62	With	 the	
exception	of	carpet	26.286	(Mughal	silk),	carpets	with	an	Indian	attribution	can	be	
found	 in	 all	 clusters.	 Thus,	 inside	 each	 cluster	 there	 are	 apparent	 larger	 density	




principal	 source	 for	 red	dyes	 on	 classical	 Iranian	 and	 Indian	 carpets.	 The	previous	












can	dispute.63	The	question	of	origin	 remains	unclear,	 particularly,	 as	 carpets	with	
an	 Indian	 attribution	 can	 be	 found	 in	 all	 clusters	 (see	 table	 V.	 2).	 In	 each	 cluster	
however	there	are	regions	of	apparent	larger,	which	can	possibly	be	interpreted	in	
the	 future	 with	 the	 development	 of	 analytical	 techniques,	 into	 finer	 groups	 with	
more	clear	characteristics.	
The	 classification	 of	 carpet	 production	 can	 no	 longer	 be	 subjected	 on	 the	
exclusive	 occurrence	 of	 chromophores	 (laccaic	 acids)	 attributed	 to	 lac	 dye.	





from	Laccifer	 Lacca	Kerr	 as	well	as	 sappanwood	were	used	 in	objects	with	 Iranian	
and	 Indian	 attributions.	 The	 diversity	 of	 compounds	 found	 in	 the	 pink	 historical	
samples	 is	 similar	 to	 what	 was	 found	 previously	 in	 red	 historical	 samples.	
Compounds	related	to	the	two	major	dye	sources	(lac-dye	and	sappanwood)	seen	in	
the	 red	 historical	 sample	 clusters	 can	 also	 be	 found	 in	 the	 clusters	 from	 pink	
historical	samples.	
However,	 the	 combination	 of	 known	 compounds	 (major),	 with	 additional	
compounds	 developed	 more	 groups	 for	 pink	 in	 comparison	 with	 red	 historical	





63	Nobuko	 Kajitani,	 Floral	 Carpet	 (Acc.no.	 1916.10.8)	 in-house	 conservation	work	 record,	 The	 Frick	
Collection	 (New	York,	USA),	March	2006,	pp.7-23;	Nobuko	Kajitani,	Tree	Carpet	 (Acc.no.	1916.10.7)	
in-house	 conservation	work	 record,	 The	 Frick	 Collection	 (New	 York,	 USA),	March	 2006,	 pp.	 24-44;	
Heitor,	et	al.,	2007;	Santos,	2010;	Nobuko	Shibayama,	Unpublished	examination	and	analysis	report:	










Figures	 V.	 17a	 and	 V.	 17b	 shows	 the	 PC1	 vs.	 PC2	 and	 PC1	 vs.	 PC3	 scores	









pink	 historical	 samples	 recovering	 circa	 34%	 of	 the	 total	 data	 variance.	 From	 the	

















of	 all	 pink-dyed	 historical	 samples.	 Graph	
courtesy:	Jorge	Sarraguça.	
Figure	 V.	 20:	 PC1	 vs	 PC3	 loadings	 for	 PCA	
analysis	 of	 all	 pink-dyed	 historical	 samples.	
Graph	courtesy:	Jorge	Sarraguça.	
Table	V.	2	summarizes	information	that	characterizes	each	cluster,	namely,	
description	 of	 compounds	 (loadings)	 with	 a	 significant	 influence	 to	 the	 cluster	
assembly,	accession	numbers	of	the	objects	included	in	the	cluster,	along	with	their	
correspondent	field	and	border	designs.			
Objects	 with	 Iranian	 and	 Indian	 attribution	 are	 found	 in	 the	 Red	 cluster	
(triangles).	Analysis	of	the	composition	of	the	samples	forming	this	cluster	reveals	that	
all	 samples	 have	 lac	 yellows	 1	 and	 2,	 and	 flavokermesic	 acid	 in	 their	 composition,	
while	 soluble	 redwood	 component,	 unknown	 yellow	 14	 and	 unknown	 orang/red	

















Table	 V.	 2:	 Distribution	 of	 carpets	 obtained	 from	 PCA	 and	 HCA	 scores	 results	 for	 all	 pink-colored	
historical	samples	(nPC=3	dist=7).	






















































































Objects	 included	 in	 the	 Green	 cluster	 (circles)	 have	 Indian	 and	 Iranian	
attribution.	 This	 cluster	 appears	 to	 be	 rather	 heterogeneous	 regarding	 sample	
compositions,	with	no	compound	being	common	to	all	samples.	Nevertheless,	soluble	
redwood	component	 is	 found	 in	over	75%	of	 the	samples,	while	 lac	yellow	1	and	2	
and	unknown	orange/red	compound	2	are	 found	 in	50	 to	75%	of	 the	samples.	The	
colorless	compounds	4	and	10	and	unknown	yellow	compound	13	were	identified	in	
only	25%-50%	of	 the	samples.	 In	 this	 cluster,	with	colorless	compounds	3,	8	and	9,	
unknown	 red	 compounds	 15	 and	 16,	 apigenin-7-glucoside,	 luteolin-glucoside	 12,	
unknown	 yellow	 compound	 11,	 kaempferol-3-β-glucopyroside,	 flavokermesic	 acid	





Compounds	 with	 negative	 loadings	 in	 PC1	 play	 a	 significant	 role	 in	 the	
characterization	 of	 carpets	 within	 the	 Blue	 cluster	 (squares).	 Thus,	 compound	
unknown	yellow	13	and	 colorless	 compounds	6,	 7	 and	10	 (all	 present	 in	more	 than	
75%	of	 the	 samples)	 have	 a	 greater	 influence	 separate	 the	 only	 two	objects	 in	 this	
cluster,	both	of	 Iranian	attribution,	T750	and	R33.4.11	(see	Appendix	D).	All	samples	
of	 this	 cluster	 contain	 soluble	 redwood	 component	 and	 unknown	 compound	 6.	
Significant	 is	 the	 total	 absence	of	 any	 lac-dye	 products	 in	 the	 composition	 of	 these	
pink	samples.		
The	 Light-blue	 cluster	 (lozenges)	 is	 comprised	 exclusively	 of	 ‘Indo-Persian’	
objects	(table	V.	2).	From	composition	analysis	of	these	samples	it	was	observed	that	




	 The	 objects	 comprised	 in	 the	 Orange	 cluster	 (plus)	 exhibited	 a	 significant	
influence	 from	 laccaic	acid	A	 (present	 in	all	 samples),	 laccaic	acids	B	and	C,	 soluble	
redwood	 component	 (present	 in	 over	 75%	 samples.	 Additionally,	 ellagic	 acid,	 lac	
yellow	 1	 and	 unknown	orang/red	 compound	 2	were	 identified	 in	 in	 50-75%	of	 the	





possible	 to	 associate	 them	 with	 specific	 dye	 sources,	 these	 can	 be	 subsequent	
products	 from	 different	 fiber	 or	 dyeing	 parameters.64	The	 analysis	 of	 pink	 samples	
disclosed	 the	 potential	 of	 learning	 about	 their	 minor	 compounds	 -	 particularly	


















along	 the	 PC1	 axis,	 while	 the	 orange	 cluster	 requires	 additional	 information	
recovered	in	PC2,	and	the	red	cluster	requires	information	contained	into	PC3	to	be	
clearly	separated.	The	classification	of	the	samples	into	groups	leading	to	attribution	

















Figure	 V.	 23	 shows	 the	 dendrogram	 with	 five	 groups	 resulting	 from	 a	
variance-weighted	 distance	 between	 cluster	 centers	 exceeding	 6.	 It	 classifies	 the	
yellow	historical	samples	 into	5	different	types	of	chemical	composition,	according	
to	the	distribution	of	loadings	in	figures	V.	24	and	V.	25.	The	loadings	relative	to	PC1	














by	 defining	 compounds	 with	 a	 significant	 influence	 to	 the	 cluster	 assembly,	
accession	numbers	of	 the	 comprised	objects,	 along	with	 their	 correspondent	 field	
and	border	designs.	The	Orange	cluster	 is	essentially	characterized	by	the	existent	
fisetin	in	all	samples	of	the	cluster.	Sulfuretin	and	soluble	redwood	component	are	




Finally,	 butein,	 butin	 and	 unknown	 yellow	 compounds	 Y1	 occur	 in	 25%-75%,	 and	
minor	compounds	in	less	than	25%	of	cluster	samples.		
The	 markers	 indicate	 that	 more	 than	 one	 yellow	 dye-source	 was	 used,	
namely,	turmeric	and	young	fustic.	However,	butein	is	present	in	young	fustic,	and	
butin	and	butein	are	also	known	 to	be	present	 in	 flame	of	 the	 forest.	Hence,	 it	 is	
likely	 that	 these	 dyestuffs	 could	 have	 been	 together	 in	 the	 dye-bath.	 Whereas	
turmeric	and	flame	of	the	forest	are	well	reported	as	dyestuffs	in	India,	young	fustic	





The	 Blue	 cluster	 (squares)	 is	 principally	 characterized	 by	 luteolin-7-O-
glucoside,	 luteolin-glucoside	 12,	 apigenin-7-glucoside	 (identified	 in	 all	 samples	
classified	 into	 the	 cluster	 cluster)	 and	 luteolin	 (present	 in	more	 than	 50%	 of	 the	
samples).	 Moreover,	 marker	 compounds	 such	 as	 alizarin,	 luteolin-4’-O-glucoside,	
soluble	redwood	component	and	ruberythric	acid	are	present	in	25-50%	of	samples	
(Appendix	 H).	 This	 specific	marker	 combination	 suggests	 the	 use	 of	 weld	 or	 flax-
leave	daphne	and	madder	 (possibly	Rubia	 tinctorium	 L.),	all	 identified	as	dyestuffs	
from	Mediterranean	and	central	Asian	regions.		
However,	 the	 presence	 of	 luteolin-glucoside	 12	 indicates	 that	 other	
possibilities	 cannot	 be	 excluded;	 therefore	 the	 need	 of	 further	 investigation	 on	
yellow	 dye-sources	 remains.	 Results	 suggest	 that	 carpets	 from	 the	 Blue	 cluster	
(table	 V.	 3)	 are	 likely	 to	 have	 been	 produced	 by	 a	 single	workshop	 or	workshops	
from	a	localized	production.	Their	design	types	range	from	the	early	Field	A	to	Field	
C,	including	its	last	derivations	C4.		
The	 Red	 cluster	 (triangles)	 encompasses	 24	 objects	 in	 which	 quercetin-3-
glucoside,	 kaempferol-3-ß-glucopyroside,	 quercetin-glucoronide	 and	 soluble	
redwood	component	are	common	markets	to	more	than	75%	of	the	samples,	while	









3-glucoside	 occurring	 in	 25%-50%	 of	 all	 samples.	 It	 comprises	 objects	 with	 fields	
varying	from	the	earlier	field	types	(Field	A	-	‘Vine	scroll	with	Animals’)	to	the	latest	
developments	 from	 the	 design	 (Field	D3	 –	 Large	 ‘Indo-Persian’	 design	with	 Sickle	
leaves	–	Geometric	composition).	The	only	exceptions	are	carpet	476	(see	Appendix	
D),	 in	 which	 the	 field	 falls	 in	 the	 Field	 G	 (and	 three	 objects	 from	 India,	 namely,	
carpets	26.286,	26.297	and	53Tp	(see	Appendix	D).		
In	contrast,	yellows	from	Orange	cluster	(plus)	are	defined	by	a	combination	
of	 fisetin,	 present	 in	 all	 samples,	 soluble	 redwood	 component,	 sulfuretin	 and	
curcumin	(50%-75%),	butin,	sulfuretin-like	and	unknown	yellow	compound	14	(25%-



















Table	 V.	 3:	Distribution	of	 carpets	obtained	 from	PCA	and	HCA	 scores	 results	 for	 all	 yellow-colored	
historical	samples.	(nPC=3	dist=10)	






















































































































































In	 the	 Light	 blue	 cluster,	 on	 the	other	 hand,	 all	 samples	 have	quercetin-3-
glucoside,	 quercetin-glucoronide	 and	 kaempferol-3-β-glucopyroside,	 and	 soluble	
redwood	component	and	soluble	redwood	component’	1	in	a	large	part	of	samples	
(over	 75%).	 Additional	 compounds	 are	 identified:	 soluble	 redwood	 component’	 2	





indicate	 that	 carpets	 48Tp,	 67Tp	 and	 75Tp,	 sharing	 the	 same	 border	 (border	 k	 -
Pomegranate	palmettes	alternating	with	 cypress	 trees)	and	 field	 (F	 -	 ‘Tile	Pattern’	
design	–	Quatrefoil	Arabesque)	are	likely	products	from	the	same	workshop.	
The	 yellow	 samples	 in	 the	Red,	Blue	 and	 Light	 blue	 clusters	 correspond	 to	
carpets	 attributed	 to	 Early	 Safavid	 and	 ‘Indo-Persian’,	 showing	 that	 sappanwood	
was	 used	 in	 both	 cases.	 Looking	 closely	 at	 the	 precise	 combinations	 of	 markers	
found,	 it	 is	 evident	 that	more	 than	 one	 dyestuff	was	 used	 to	 obtain	 yellow-dyed	
























Figure	 V.	 28:	 HCA	 dendrogram	 for	 all	 orange-colored	 historical	 samples.	 Graph	 courtesy:	 Jorge	
Sarraguça.	
	











Figure	 III.	 30:	 The	 scores	 plot	 is	 colored	 by	 groups	 resulting	 from	 HCA	 analysis	 for	 PC1	 vs	 PC3	
comprising	all	orange	samples.	Graph	courtesy:	Jorge	Sarraguça.	
	
This	 classification	 into	 five	 groups	 is	 summarized	 in	 table	 V.	 4,	 which	










































































































The	Red	 cluster	 (triangles)	 is	 composed	of	 seven	 carpets	 (see	 table	V.	 5)	
with	apigenin-7-glu	and	luteolin-7-O-glucoside	present	in	all	samples,	while	luteolin-
glucoside	12	ruberytric	acid	and	lucidin	primveroside	are	present	in	over	75%	of	the	




The	 Light	 blue	 cluster	 (lozenges)	 corresponds	 to	 the	 location	 of	 luteolin,	







	In	 Blue	 cluster	 (squares)	 all	 samples	 were	 observed	 to	 contain	 lucidin	
primveroside	 and	 alizarin,	while	 ruberytric	 acid,	 anthraquinone-1-OH-2,3–di-OCH3,	
quercetin-3-glucoside	 were	 identified	 in	 over	 75%	 of	 the	 samples.	 In	 the	 third	
quadrant	 is	 located	 luteolin-glucoronide,	 which	 together	 with	 soluble	 redwood	
component,	lucidin	primveroside-like,	rutin-like,	and	xanthopurpurin	is	significant	to	
characterize	oranges	in	carpets	falling	into	the	Green	cluster	(circles).		
The	 Orange	 cluster	 (plus)	 separates	 from	 all	 others	 in	 PC2,	 from	 where,	
oranges	from	this	group	would	be	expected	to	be	associated	with	the	presence	of	
rutin,	purpurin,	kaempferol-3-ß-glucopyroside.	Together	with	alizarin	all	mentioned	
compounds	were	 identified	 in	all	samples	 in	the	Orange	cluster.	Objects	belonging	
to	the	orange	and	light	blue	clusters	were	not	found	in	other	clusters	(see	table	V.	
5).	 This	 suggests	 that	 these	 carpets	 likely	 share	 a	 unique	 compound	 mixture,	
perhaps	 from	 a	 common	 workshop.	 Moreover,	 considering	 the	 particular	 orange	
samples	 from	carpets	belonging	 to	 the	Light	blue	cluster	seems	 likely	 that	 luteolin	
was	used	in	smaller	concentrations,	resulting	in	a	deeper	and	intense	orange	color.	
All	samples	analysed	revealed	that	oranges	were	obtained	exclusively	from	a	
mixture	of	 roots	of	 the	madder	plant	with	one	or	more	yellow	dye	 sources.	 From	
these	 results	 one	 can	 recognize	 variances	 in	 dyeing	 recipes	 exist	 based	 on	 the	
markers	 associated	 several	 yellow-dye	 sources.	 As	 for	 the	 red-source	 use	 in	 the	
oranges	seems	clear	that	Rubia	akane	was	not	use	in	any	of	the	objects,	due	to	the	
absence	of	6-hydroxyrubiadin	its	major	chromophore.		
Based	 on	 presence	 of	 alizarin	 (alone	 or	 in	 combination	 with	 other	










and	 reinforce	 this	 perception	 as	 orange	 was	 only	 found	 in	 carpets	 with	 Iranian	
attribution.		
The	 existence	 of	 orange	 in	 only	 32	 objects	 together	with	 the	 restraints	 of	
reliably	 determine	 species	 of	 Rubia	 spp.	 reveal	 that	 madder	 and,	 therefore,	 the	
oranges	are	still	a	limitant	factor	for	the	purposes	of	geographical	attributions.	Yet,	






all	brown	colored	samples	 recover	approximately	35%	of	 the	 total	 variance	of	 the	
chemical	composition	of	the	samples.	
	













(see	 Appendix	 D),	 due	 to	 its	 distinct	 compound	 combination	 such	 as	 apigenin-7-







The	 most	 important	 compounds	 in	 describing	 variability	 of	 the	 brown	
historical	 samples	 are	 soluble	 redwood	 component,	 ellagic	 acid,	 apigenin-7-
glucoside,	 yellow	 compound	 13,	 quercetin-3-glucoside,	 and	 to	 a	 smaller	 extent	
	





luteolin-7-O-glucoside	 and	 lucidin-primveroside,	 being	 the	 chemical	 compounds	




it	 is	 apparent	 that	 the	 samples	 could	be	grouped	 into	nine	clusters	 selected	using	
Ward’s	method	based	on	Euclidean	distances	exceeding	5.	 It	 is	observed	 that	 in	a	

























































































































































































































Black	 (triangles),	White	 (circles)	and	Yellow	 (triangle)	 clusters	are	 characterized	by	
the	absence	of	ellagic	acid.	The	Orange	cluster	 (plus)	 corresponds	 to	samples	 that	
contain	 soluble	 redwood	 component	 and	 apigenin-7-glucoside,	 with	 luteolin-7-
glucoside,	colorless	compound	4	and	quercetin-3-L-rhamninoside.		
The	characterization	of	objects	included	in	the	Green	cluster	(circles)	has	an	
expressed	 influence	 of	 soluble	 redwood	 component,	 apigenin-7-glucoside,	
ruberythric	 acid	 and	 lucidin	primveroside	 compounds.	 In	 addition	 the	presence	of	
compounds	 such	 as	 alizarin,	 yellow	 compound	 12,	 unknown	 red	 compound	 8,	
luteolin-7-glucoside,	 colorless	 compound	2	 and	 luteolin-4’-O-glucoside	 can	also	be	
present	in	these	samples.		
	 The	samples	 from	clusters	 located	 in	the	 fourth	quadrant	are	characterized	
by	the	presence	of	apigenin-7-glucoside	and	the	absence	of	both	soluble	redwood	
component	 and	 ellagic	 acid.	 The	 Green	 cluster	 (stars)	 is	 composed	 by	 samples	 in	
which	apigenin-7-glucoside	is	major	compound	found	in	several	combinations	of	the	
following	 components:	 soluble	 redwood	 component,	 luteolin-7-O-glucoside,	
flavokermesic	 acid,	 quercetin-3-glucoside,	 kaempferol-3-β-glucopyroside,	 unknown	
yellow	13,	quercetin-glucoronide,	quercitrin,	quercetin-3-L-rhamninoside.	
The	 object	 enclosed	 by	 the	 Black	 cluster	 (triangles)	 near	 the	 origin	 in	 the	
third	 quadrant	 have	 no	 particular	 composition.	 All	 the	 samples	 are	 composed	 by	
different	 combinations	 of	 luteolin-4’-O-glucoside,	 soluble	 redwood	 component,	




yello	 1	 and	 2	 were	 found	 to	 be	 present	 exclusively	 in	 the	 carpet	 26.300	 (see	
Appendix	 D),	 together	 with	 luteolin-4’-O-glucoside,	 soluble	 redwood	 component,	
flavokermesic	and	quercetin-3-glucoside.		
Finally,	 the	 presence	 of	 yellow	 compound	 13,	 quercetin-3-glucoside,	
quercetin-glucoronide	and	the	absence	of	soluble	redwood	component,	ellagic	acid	
or	 apigenin-7-glucoside	 characterize	 the	 objects	 included	 in	 the	 White	 cluster	
(circles).	This	suggests	the	use	of	Nonea	sp.,	Euphorbia	sp.,	Papaver	sp.	or	Prangos	
sp.	 as	dye-sources	possible	used	 in	 the	brown	 samples	of	 these	 carpets.	 Together	
with	 the	 Yellow	 cluster,	 objects	 in	 the	 White	 Cluster	 do	 not	 include	 any	 Indian	
carpets.	None	of	 these	dye	sources	 is	known	to	provide	a	brown	color,	 thus	these	
results	 strength	 the	 possibility	 that	 the	 use	 of	 such	 dye-sources	 as	 a	 fiber	 pre-
treatment	associated	with	dyeing	traditions	from	Iranian	workshops.	
The	 browns	 are	 still	 a	 limitant	 factor	 for	 the	 purposes	 of	 geographical	
attributions.	 The	 presence	 of	 compounds	 such	 as	 ellagic	 acid	 is	 often	 associated	
with	dye-sources	rich	 in	tannins.	This	result	however	still	presents	a	wide	range	of	
possibilities	 since	 a	 number	 of	 families	 of	 plantes	 are	 known	 to	 contain	 tannins.			
Further	 investigation	 of	 these	 dye-sources	 and	 brown	 historical	 samples	 are	






the	 combined	 interpretation	 of	 results	 from	 yellow	 and	 red	 colors	 as	 these	 are	
present	 in	 the	 majority	 of	 the	 objects	 in	 this	 study.	 Consequently,	 the	 following	











yellow	 in	 their	 palette	 and	 so	 were	 not	 used.	 The	 same	 colors	 were	 used	 for	 the	
graphed	points	in	figures	V.	34	and	V.	35	as	were	used	for	the	corresponding	clusters	
defined	by	Hierarchical	Cluster	Analysis	(HCA)	in	figure	V.	36.	The	HCA	was	conducted	
considering	 only	 the	 first	 3	 principal	 components	 resulting	 from	 PCA	 using	Ward’s	
method.		
	










Figure	 V.	 36	 show	 the	 dendogram	 displaying	 the	 five	 groups	 from	 selecting	 a	
variance-weighted	 distance	 between	 clusters’	 center	 exceeding	 five.	 Accordingly,	 the	
combined	 analysis	 of	 red	 and	 yellow	 samples	 shows	 five	 different	 types	 of	 chemical	
compositions	(clusters).	The	distribution	of	scores	in	figures	V.	34	and	V.	35	correspond	
closely	 to	 the	 distribution	 of	 loadings	 in	 figures	 V.	 37	 and	 V.	 38	 respectively.	 The	
compounds	 that	 contribute	 most	 significantly	 to	 the	 establishment	 of	 the	 carpet	




Figure	V.	 36:	PCA	scores	 (PC1	vs	PC3)	 for	analysis	of	all	 carpets	based	on	 the	chemical	 information	
from	red	and	yellow	dyes.	Graph	courtesy:	Jorge	Sarraguça.			
	





by	 the	 major	 compounds	 for	 each	 color.	 Hence,	 were	 used	 to	 attempt	 further	












Table	 V.	 6:	Distribution	of	 carpets	obtained	 from	PCA	 and	HCA	 scores	 results	 for	 all	 red-	 and	 yellow-
colored	historical	samples	(nPC=3	dist=5)	and	the	suggested	geographical	origin.	































































































































































Compounds	 associated	 with	 the	 yellow	 samples	 have	 a	 significant	 contribution	 to	
characterization	 of	 the	 objects	 in	 this	 cluster.	 This	 indicates	 that	 yellow	 dye-sources	
such	 as	 Euphorbia	 sp.	 (kaempferol-3-β-glucopyroside,	 quercetin-3-glucoside	 and	
quercetin-glucoronide)	and	one	or	more	of	the	following	Nonea	sp.	(que-3-glu	and	kf-3-
β-glu),	Papaver	sp.	(que-glr	and	que-3-glu)	and	Prangos	sp.	(que-glr)	were	combined	in	
the	 dye	 bath.	 Likewise,	 sappanwood	 (soluble	 redwood	 component)	 and	 Populus	 sp.	
(luteolin-glucoronide)	were	also	confirmed	to	have	been	use	in	the	dye	mixture	(table	
V.	6).		
By	 integrating	 all	 the	 information	 when	 considering	 the	 historical	 objects	
comprised	in	the	Red	cluster,	one	can	see	that	the	assortment	of	dye-sources	used	for	
reds	is	characterized	by	the	presence	of	Sappanwood	and	one	or	more	red	insect	dye-
sources,	 i.e.,	 Laccifer	 Lacca	 Kerr,	 Cochineal	 sp.	 or	 Kermes	 sp. 67 	The	 presence	 of	
flavokermesic	acid	and	lac	yellows	1	and	2	(see	Appendix	H),	together	with	the	absence	






















In	 contrast	 to	 the	 results	 from	 previous	 clusters,	 the	 Light	 blue	 cluster	 includes	
exclusively	 carpets	 attributed	 to	 India	 by	 their	 design	 and	 technique	 (table	 V.	 6).	
Moreover,	 the	 six	 carpets	 are	 associated	 with	 different	 sites	 known	 for	 carpet	
production	between	the	17th	and	18th	centuries	-	specifically	to	manufacture	in	the	












PCA	 analysis	 of	 the	 reds,	 however,	 it	 was	 possible	 to	 place	 the	 six	 carpets	 in	 two	
groups	based	on	 the	presence	of	either	ellagic	 and	 laccaic	 acids	 (together)	or	 their	
absence.		
Soluble	 redwood	 component,	 ellagic	 acid	 and	 flavokermesic	 acids,	 laccaic	
acids	A,	B,	C,	E,	lac	yellows	1	and	lac	yellow	2	were	found	to	be	associated	with	the	
reds	 from	 carpets	 1Tp,	 12Tp,	 R63.00.15	 and	 26.297	 (see	 table	 V.	 6).	 These	 results	






53Tp	and	T753.	A	 red	 insect	dye	was	used,	but	 it	 is	 less	 certain	which	 species	was	
used.	 Due	 to	 the	 objects’	 geographical	 attribution,	 however,	 Kermes	 sp.	 and/or	
Laccifer	Lacca	Kerr,	together	with	sappanwood,	seem	the	most	probable	insect	dyes.		
In	conclusion,	these	results	allow	us	to	securely	associate	the	manufacture	of	
carpets	 from	 the	Cluster	 II	 (light	 blue)	 to	 India.	Also,	 despite	 their	 association	with	
distinct	 production	 locations	 in	 the	 Indian	 subcontinent,	 it	 can	 now	be	 shown	 that	
yellow	dyeing	practices	were	less	susceptible	to	 local	variation,	compared	to	dyeing	











following:	 weld	 and	 flax-leave	 daphne	 (see	 table	 V.	 6).	 Both	 weld	 and	 flax-leave	
daphne	 are	 known	 to	 contain	 luteolin,	 lu-7-O-glu	 and	 apigenin-7-glucoside	 in	 their	
composition	 and	 are	 probable	 dye-sources	 for	 yellows	 in	 carpets	 belonging	 to	 this	
cluster.	As	previously	mentioned	one	should	consider	that	weld	has	been	consistently	
found	 in	 previous	 studies	 textiles	 with	 Iranian	 attribution,	 including	 carpets	 and	
velvets,	while	 flax-leave	 daphne	 is	 often	 associated	with	 Turkish	 dying	 traditions.68	
However,	 all	 carpets	 in	 this	 cluster	 exhibit	 a	weaving	 structure	 typically	 associated	
with	 Iranian	 production	 as	 opposed	 to	 India	 (see	 table	 III.	 7	 and	 section	 III.	 2.	
Weaving	structure).		
Furthermore,	 the	 presence	 of	 Madder	 sp.	 compounds	 such	 as	 alizarin,	
ruberythric	 acid,	 lucidin-primveroside	 and	 2,6-di-OH-anthraquinone	 in	 the	 yellows	
indicates	 that	 its	 use	 can	 be	 of	 exceptional	 significance	 for	 identification	 of	 yellow	
dyeing	practices	from	a	specific	dye	tradition.	Only	alizarin	can	be	securely	associated	
with	a	specific	madder	species,	Rubia	tinctorum,	abundant	 in	Iran.	The	use	of	other	







neither	of	 these	cases	was	 found	 in	 the	 Indian	carpets	 from	 this	 study.	The	 results	
from	 the	Green	 cluster	 suggest	 that	 the	 inclusion	of	madder	 in	 the	dyeing	process	
mixed	 either	 in	 a	 yellow	 or	 orange	 batch,	 is	 a	 tradition	 that	 can	 be	 exclusively	
associated	with	 Iran,	confirming	 the	absence	of	carpets	of	 Indian	attribution	 in	 this	
cluster.	 When	 looking	 at	 the	 results	 from	 the	 dye	 analysis	 of	 yellow	 and	 orange	














Cluster	 III	 (Table	 V.	 6).	 The	 laccaic	 acids	 A	 and	 B	 are	major	 compounds	 associated	
with	 the	red	 insect	dye	Kerria	 lacca,	while	ellagic	acid	 is	 frequently	connected	with	
various	 tannin-based	dye-sources	 (Appendix	H).	The	 fact	 that	objects	 in	 this	cluster	
embody	 Iranian	 dyeing	 traditions	 has	 already	 been	 established;	 consequently	 one	
must	 presume	 that	 the	 dye-source	 responsible	 for	 the	 presence	 of	 ellagic	 acid	 in	
these	samples	can	be	of	similar	origin,	since	tannin-sources	are	locally	available.	One	
possibility	is	Quercus	sp.	that	occurs	in	Iran.		
The	 results	 from	 dye	 analysis	 of	 red	 samples	 can	 clarify	 if	 other	 major	
compounds	 exist	 and	 can	 be	 used	 to	 better	 interpret	 the	 results	 of	 objects	 in	 the	




T747,	 and	 1942.9.477	 (see	 Appendix	D),	 the	 other	 in	 the	 remaining	 carpets	 (73Tp,	
26.287	and	26.285,	see	Appendix	D)	but	of	ellagic	acid	and	laccaic	acids	A,	B,	C	and	E.	
It	 is	 important	 to	understand	these	practices	 further	 in	order	 to	understand	 if	 they	
represent	 two	 distinct	 workshops	 from	 different	 locations,	 two	 distinct	 workshops	










compounds	 that	 can	 be	 related	 to	 specific	 dye-sources.	 For	 yellow	 samples	 the	
defining	compounds	can	be	associated	with	sappanwood,	Euphorbia	sp.,	Papaver	sp.,	
Nonea	sp.	and	Prangos	 sp.	The	red	samples	 indicate	 the	use	of	one	or	more	 insect	
dyes	and	Laccifer	Lacca	Kerr	was	most	certainly	used	due	to	the	presence	of	laccaic	
acids	A,	B,	C,	E,	 flavokermesic	acid	and	sappanwood.	While,	 flavokermesic	acid	has	
been	 reported	 in	Cochineal	 sp.	 and	 Kermes	 sp.	 insects69,	 the	major	 compounds	 for	
cochineal	and	kermes	were	not	detected.	As	a	result	Laccifer	Lacca	Kerr	 is	the	most	
likely	 possibility.	 Additionally,	 ellagic	 acid	 was	 found	 indicating	 the	 inclusion	 of	 a	
tannin-based	 dye.	 There	 are	 further	 minor	 compounds	 that	 could	 be	 useful	 for	
further	investigation.		
These	results	agree	with	 the	 Iranian	attribution	 for	carpets	belonging	 to	 the	




points	 to	 a	 practice	 of	 several	 workshops.	 The	 differences	 in	 dyeing	 practices	 is	




two	 distinct	 dyeing	 practices	 for	 the	 Cluster	 IV:	 one	 for	 carpets	 22Tp,	 51Tp,	 75Tp,	
78Tp,	 81Tp	 and	 83Tp,	 characterized	 by	 sappanwood	 (soluble	 redwood	 component	
and	 soluble	 redwood	 components	 ‘1	 and	 ‘2),	 Euphorbia	 sp.	 (kaempferol-3-β-
glucopyroside,	quercetin-3-glucoside	and	quercetin-glucoronide)	and	one	or	more	of	
the	 following:	Nonea	 sp.	 (quercetin-3-glucoside	and	kaempferol-3-β-glucopyroside),	









indicate	 that	 carpets	 (11Tp,	21Tp,	28Tp,	66Tp,	75Tp	and	86Tp)	were	produced	 in	a	
well-provisioned	workshop.		
Table	 V.	 6:	Distribution	 of	 carpets	obtained	 from	PCA	 and	HCA	 scores	 results	 for	 all	 red-	 and	 yellow-
colored	historical	samples	(nPC=3	dist=5)	and	the	suggested	geographical	origin.	
Cluster	 Defining	compounds*	 Carpets	 Design	 Geographical	origin	
I	
(Red)	




























































































































































Lastly,	all	eleven	carpets	 found	 in	 the	Cluster	V	 (blue	 squares)	attested	 the	use	of	
sappanwood	(soluble	redwood	component)	 in	both	red	and	yellow	samples	 (Table	




that	one	of	 the	 following	yellow	dyes	 sources	was	used:	Nonea	 sp.,	Euphorbia	sp.	
and	Papaver	sp.		
The	results	 indicate	that	several	dye-sources	were	used	together.	However,	
their	 combination	 diverges	 from	 object	 to	 object.	 In	 carpet	 71Tp,	 for	 instance,	
sappanwood	 is	 found	with	young	 fustic,	 turmeric	and	 flame	of	 the	 forest,	while	 in	
carpet	 26.286	 sappanwood	 was	 detected	 with	 one	 of	 the	 following	 yellow	 dyes	
sources	was	used:	Nonea	 sp.,	Euphorbia	 sp.	 and	Papaver	 sp.	 together	 in	 samples.	
Moreover,	 through	 the	 individual	 PCA	 analysis	 of	 yellow	 samples	 three	 different	
procedures	for	yellow	dyeing	become	obvious	from	carpets	in	Cluster	V.	The	first,	is	
found	 in	 carpets	 2Tp,	 15Tp,	 16Tp,	 18Tp,	 52Tp,	 82Tp	 and	 84Tp	 (see	 Appendix	 D),	
containing	sappanwood	(soluble	redwood	component),	weld	(luteolin	and	apigenin),	
madder	 (ruberytric	 acid),	 Euphorbia	 sp.	 (kaempferol-3-β-glucopyroside,	 quercetin-
glucoronide)	 and	 one	 or	 more	 of	 the	 following:	Nonea	 sp.	 (quercetin-3-glucoside	






Appendix	 D)	 contains	 a	 mixture	 of	 sappanwood	 (soluble	 redwood	 component,	
soluble	redwood	component’	1	and	‘2),	tannin-based	dye	(ellagic	acid),	Populus	sp.	
(luteolin-glucoronide),	weld	(quercitrin	and	apigenin-7-glucoside),	Euphorbia	sp.	and	
one	 or	 more	 of	 the	 following:	 Nonea	 sp.	 (kaempferol-3-β-glucopyroside	 and	
quercetin-3-glucoside)	and	one	or	more	of	the	following:	Nonea	sp.,	Papaver	sp.	and	
Prangos	 sp.(que-glr).	 The	 third	and	 last	 yellow	dyeing	practice	 is	 found	 in	 a	 single	





The	 yellow	dye-sources	 are	 the	main	 difference	 between	 these	 two	 Indian	
objects.	Both	share	the	occurrence	of	Laccifer	Lacca	Kerr	(laccaic	acid	A,	B,	C	and	E),	




This	 result	 shows	 that	 Cochineal	 sp.	 occurs	 in	 Indian	 dyeing	 practices,	 in	
association	 with	 silk	 fibers.	 Moreover,	 the	 absence	 of	 madder	 compounds	 from	
yellow	dyes	in	Indian	carpets	reinforces	the	notion	that	the	use	of	madder	in	yellows	
can	solely	be	associated	with	Iranian	dyeing	traditions.		
Flavokermesic	 acid	 (a	 compound	 that	 can	 be	 found	 in	 cochineal,	Kerria	 or	
Kermes)	without	traces	of	any	major	compounds	for	Cochineal	sp.	was	found	in	the	
remaining	Iranian	and	Indian	wool	pile	carpets	integrated	in	this	study.	This	suggests	
an	 association	with	 a	 specific	Kerria	 or	Kermes	 species	 in	 these	 carpets.	 Both	 red	








weld,	 Euphorbia	 sp.	 and/or	Nonea	 sp.	 also	 occur	 in	 dyes	 from	 Indian	 and	 ‘Indo-
Persian’	 carpets.	 Whether	 this	 similarity	 in	 dyeing-practices	 can	 be	 associated	
exclusively	 with	 silk	 dyeing	 or	 a	 particular	 workshop	 practice	 in	 the	 Indian	





The	 different	 combinations	 of	 red	 and	 yellow	 dye-sources	 used	 together	 in	 the	
carpets	 in	this	study	support	the	existence	of	multiple	dyeing	practices.	This	result	
permits	differentiation	of	carpet	production	geographically,	namely	to	Iran	or	India,	
based	 on	 the	 analysis	 of	 their	 dyes.	 Five	 clusters	 of	 objects	 were	 determined	 by	
means	of	combined	PCA	analysis	of	the	chromatographic	results	from	54	historical	
objects.	 Furthermore,	 the	 results	 allow	 discerning	 the	 level	 of	 sophistication	 of	
carpet	manufacture	based	on	the	assortment	of	dye	sources.	
The	chromatographic	results	obtained	provide	a	window	into	‘Early	Safavid’,	
‘Indo-Persian’	 and	 Indian	 dyeing	 traditions	 during	 16th	 and	 17th	 centuries.	 This	
study	adds	to	the	group	of	known	dye	sources	previously	documented	to	compose	
the	color	palette	of	carpets	attributed	 to	 Iran.	 In	addition	 to	Kerria,	weld,	madder	
and	tannins,	reported	to	occur	in	red,	pink,	yellow,	orange	and	brown	colors,	other	
dye	 sources	 are	 now	 known	 to	 be	 used	 in	 Iranian	 carpet	 production	 during	 the	
Safavid	period	from	16th	to	17th	centuries.		
Dyes	identified	in	red	and	pink	colors	indicate	the	use	of	red	insect	dyes	for	
carpets	 attributed	 to	 ‘Early	 Safavid’	 and	 ‘Indo-Persian’	 types	 (table	 III.	 7):	 Laccifer	
Lacca	 Kerr	 alone	 or	 in	 combination	 with	 Kermes	 sp.,	 as	 well	 as	 tannins	 and	
sappanwood.	 No	 red	 insect	 dyes	 were	 found	 in	 the	 orange	 samples	 from	 ‘Early	
Safavid’	 and	 ‘Indo-Persian’	 carpets.	 Instead,	 oranges	 samples	 have	 a	 mixture	 of	
madder	 (Rubia	 sp.)	 and	 a	 yellow-dye	 exclusively.	 The	 results	 indicate	 that	 the	




associated	 with	 ‘Early	 Safavid’	 and	 ‘Indo-Persian’	 dyeing	 practices.	 No	 madder	
compounds	were	found	in	Indian	carpets.	Together	these	results	are	consistent	with	
previous	 studies	 on	 Iranian	 carpets	 in	 Portuguese	 collections,	 reinforcing	 the	 idea	
that	this	color	combination	is	characteristic	of	a	classical	Iranian	palette.71	
By	 contrast,	 the	 number	 of	 dye	 sources	 recognized	 in	 yellow	 colors	 is	
significantly	higher	than	what	has	been	reported	to	date	for	Safavid	carpets.	For	the	
first	 time,	 results	 from	yellow	samples	 suggest	 in	addition	 to	weld,	 the	use	of	 the	
following	dyes:	Euphorbia	sp.,	Papaver	sp.,	Prangos	sp.,	Nonea	sp.,	Anacardiaceae,	
Populus	sp.	and	flax-leaved	daphne.		
Additionally,	 sappanwood,	 madder	 and	 tannins	 were	 identified	 in	 a	 large	
number	of	these	yellow	samples,	which	indicates	they	were	present	in	the	dye-bath,	




Similarly,	 the	 use	 of	 red	 insect	 dyes	were	 found	 in	 reds	 and	 pinks	 found	 in	
Indian	wool	pile	carpets	(table	V.	6):	Laccifer	Lacca	Kerr	alone	or	in	combination	with	
Kermes	 sp.,	 as	well	 as	 sappanwood.	 The	use	of	 tannins	 in	 reds	does	not	 appear	 as	
consistent	as	in	‘Early	Safavid’	and	‘Indo-Persian’	carpets.		
It	does	however	for	yellows	together	with	young	fustic,	turmeric	and	flame	of	
the	 forest.	 Furthermore,	 such	 combination	 in	 yellows	 appears	 to	 be	 a	 common	
dyeing	 method	 for	 wool	 pile	 carpets	 across	 the	 different	 regions	 of	 the	 Indian	
subcontinent,	 including	 Golconda	 or	 Lahore.	 The	 exception	 is	 the	 silk	 pile	 carpet	
(26.286)	in	which	cochineal	and	Kerria	were	found	together	in	the	reds.	Likewise,	the	
combination	 of	 sappanwood,	 Euphorbia	 sp.,	 Papaver	 sp.	 and	Nonea	 sp.	 are	 found	






dyes	 in	 the	 silk	 fibers	 suggests	 a	 distinct	 production	 location,	 most	 likely	 a	 well-
resourced	workshop	in	close	proximity	with	the	Mughal	court.72		
Studies	 to	 identify	natural	dyes	 in	historical	 textiles	have	come	a	 long	way,	
but	 various	 obstacles	 for	 associating	 dye	 compounds	 with	 specific	 dye-sources	
remain,	as	seen	also	other	 in	recent	studies.	73	The	colorant	composition	 is	directly	
related	to	the	type	of	fiber,	dye,	and	the	different	dyeing	parameters	applied,	which	
together	 cause	different	 reactions	 during	 the	dyeing	 process	 resulting	 in	 different	
dye	compositions.		
As	 a	 result,	 it	 is	 not	possible	 to	 further	narrow	 the	 identification	of	dyeing	
procedures,	 nor	 to	 associate	 them	 with	 master-dyers	 from	 different	 workshops.	
Furthermore,	 comparison	 between	 experimentally-dyed,	 aged	 samples	 and	 with	
historical	ones,	 together	with	 further	 identification	of	Kerria	and	Kermes	 insect,	as	
well	 as	 madder	 and	 the	 various	 yellow	 plant	 dyes	 found	 would	 be	 necessary	 to	



















On	 the	 basis	 of	 visual	 sources	 it	 is	 possible	 to	 closely	 establish	 when	 a	 carpet	 first	
arrived	 in	 Europe	 and,	 by	 extrapolation,	 approximately	 when	 it	 was	 made	 in	 Asia.	
Indeed,	 by	 identifying	 the	 earliest	 example	 for	 the	 depicted	 carpet	 types	 we	 can	
provide	 a	 terminus	 ante	 quem1	 date	 to	 a	 certain	 design.	 The	 methodology	 of	
establishing	a	relative	chronology	by	looking	at	their	depictions	 in	European	paintings	





of	 fields	 and	 borders.3	 In	 addition,	 Hallett	 collected	 a	 list	 of	 paintings	 in	 Portugal	
complementing	his	findings.4		
	 This	 chapter	 looks	at	Onno	Ydema’s	methodology,	 then	discusses	 some	of	 its	







Ydema’s	 study	 entitled	 Carpets	 and	 Their	 Datings	 in	 Netherlandish	 Paintings	 1540-
1700	 looks	 at	 960	 paintings.	 After	 understing	 the	 strong	 appeal	 that	 richly	 designed	
																																																						






Islamic	weavings	with	 curious	 ornaments	 had	 to	Dutch	painters,	 Ydema	 attempts	 to	
date	 the	depicted	 carpets,	while	 developing	 a	 database	 system	using	 their	motifs	 in	
order	to	categorize	them	in	relation	to	origin.		






forming	 part	 of	 the	 regular	 Asian	
commerce	were	 traded	 to	Western	
Europe	 at	 the	 end	 of	 the	 16th	
century,	with	 the	 Portuguese	 being	
the	 first	 to	 start	 a	 flourishing	 trade	
with	 India	 and	 Persia,	 countries	
which	 could	 now	 be	 reached	
directly	 via	 the	 new	 trade	 route	
around	the	Cape	of	Good	Hope.6	 In	
fact,	 Hallett’s	 work,	 shows	 that	
carpets	 depicted	 earlier	 in	
Portuguese	 royal	 portraits	 the	 mid	
16th	century	(Figure	VI.	1).	
Gradually,	 Iranian	 and	 Indian	
carpets	began	 to	be	 represented	 in	







7	 “Since the beginning of the project it was quite clear that the storage or retrieval of the 
information could not be done conveniently by hand” Ydema,	1991,	p.	16.	
	
Figure	 VI.	 1:	 Lourenco	 de	 Salzedo,	 Queen	 Catarina	
with	 Saint	 Catherine.	 1564,	 Lisbon,	Museu	 Nacional	
de	Arte	Antiga.	Published	by	Hallett,	2010.	
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the	 patterns	 of	 the	 field,	 the	 major	 border,	 and	 the	 minor	 borders.	 Moreover,	 the	
distinction	 between	 Anatolian	 and	 Chessboard,	 Persian,	 Indian,	 Egyptian	 and	
‘Namenlose	 Gattung’	 carpet	 design	 is	 associated	 with	 the	 letters	 a,	 b,	 c,	 d	 and	 e,	
respectively.	 However,	 for	 the	 aim	 of	 this	 analysis,	 only	 chapters	 IV	 and	 V,	
corresponding	 to	 Persian	 (design	 b)	 and	 Indian	 Carpets	 (design	 c),	 respectively,	 are	
considered.		
Ydema’s	classification	system	is	presented	at	the	end	of	his	publication	and	 is	
composed	of	 three	sets	of	alphanumeric	characters.	 In	the	first	 indicated	by	a	 letter,	
refers	 to	 the	 group	 of	 carpet	 designs	 where	 field	 patterns	 are	 associated	 to	 the	
assumed	 provenance	 of	 the	 object.	 The	 second	 indicated	 by	 a	 letter	 and	 a	 number	
refers	 to	 the	major	border.	Finally,	 the	 third	 referring	 to	minor	border	patterns	uses	
the	 letter	 g	 (guard)	 followed	 by	 a	 number,	 i.e.,	 g6	 -	 zigzag	 and	 g9	 -	 ‘barber-pole’	
ornaments.	In	case	the	depicting	carpet	offers	the	entire	assembly	of	these	elements8,	




the	 so-called	 ‘Indo-Persian’	 carpets,	 while	 bv	 for	 carpets	 from	 North-West	 Persia.	
Border	patterns	associated	with	Persian	carpets	are	characterized	by	the	letter	b	and	a	




	 One	 of	 the	 problems	 with	 Onno	 Ydema’s	 work	 is	 the	 lack	 of	 a	 complete	
description	 concerning	 the	 features	 he	 uses	 to	 establish	 each	 group.	 Furthermore,	
there	is	little	information	about	his	criteria	to	associate	depicted	carpets	with	a	specific	
																																																						








without	 providing	 any	 reference	 sources.10	 For	 Persian	 carpets	 the	 Floral	 and	
Cloudband	 type	 is	 solely	 described	 as	 a	 group	 of	 carpets	 characterized	 by	 “a	
symmetrical	pattern	of	coiling	stems,	numerous	large	and	smaller	flowers	and	‘tchi’,	or	
cloudband	 ornaments	 of	 Chinese	 origin”.11	 This	 generic	 description	 turns	 out	 to	 be	
incomplete,	as	no	explanation	is	given	to	where	these	elements	appear	in	the	carpets,	
i.e.	field,	borders,	etc.		




subgroups	 of	 field	 patterns,	 namely:	 bi.	 -	 Floral	 and	 Cloudband	 design;	 bii.	 -	 Floral	
designs	 including	 representations	 of	 animals;	 biii.	 -	 Floral	 design	 composed	 of	 stiff	
stems	connecting	opposed	palmettes	or	lotus	flowers;	biv.	-	Other	floral	carpet	designs	
except	 North-West	 Persian	 designs	 and	 bv.	 -	North-West	 Persian	 designs. The	 Floral	
and	 Cloudband	 design	 (bi.)	 is	 the	most	 generic	 designation	 for	 the	 field	 design,	 and	
Ydema	 method	 includes	 other	 subgroups	 under	 a	 similar	 designation.	 While	 this	
justifies	 its	wide	chronology	 including	paintings	dating	 from	1598	to	1700,	 it	 stresses	
the	 need	 of	 a	 detailed	 and	 systematic	 explanation	 about	 his	 decision-making	 for	 a	
suitable	methodology	for	dating	carpets	using	paintings	 is	 lacking.	This	 information	is	
necessary	to	allow	the	comparison	of	his	results	with	existent	carpets	from	collections	
in	Portugal,	or	elsewhere	in	the	world.		
	 Although	 these	 pictorical	 sources	 offer	 termini	 ante	 quem,	 choices	 had	 to	 be	
made	 regarding	 what	 representations	 to	 include.	 Ydema	 noted	 that	 the	
trustworthiness	 of	 the	 conclusions	 depends	 on	 the	 reliability	 of	 the	 dating	 of	 the	









when	 such	 copies	 were	 made	 in	 the	 16th	 and	 17th	 centuries.13	 Fortunately	 a	 firm	
consensus	exists	 among	art	historians	 in	dating	 the	works	of	 the	best-known	artists;	
other	 sources	 for	 a	 chronological	 ordering	 of	 paintings	 used	 in	 his	work	 are	 the	 art	
historical	dating	given	in	other	publications	such	as	catalogues	of	museum	collections	
and	exhibitions,	or	in	individual	scholarly	articles.14	




structure	–	or	 the	comprehensiveness	of	 their	 field	and	border	design	depictions	are	
often	 difficult	 to	 determine	 when	 looking	 at	 paintings.	 Nevertheless,	 approximately	
300	 paintings	 depict	 what	 he	 named	 as	 Persian	 and	 Indian	 groups,	 providing	 a	





While	 Ydema’s	 work	 provides	 terminus	 ante	 and	 post	 quem	 dates	 for	 the	 ‘Indo-
Persian’	 group,	 it	 does	 not	 attempt	 to	 establish	 dates	 for	 different	 types	 	 and	 their	
evolution.	Through	a	 comprehensive	 study	of	his	work	on	 carpets	 and	 their	 dating	 in	
Netherlandish	paintings	 it	becomes	evident	 that	 information	provided	by	paintings	 to	
trace	 chronological	 evolution	 of	 design	 can	 be	 limited	 for	 a	 number	 of	 reasons.	Very	
rarely	 for	 example,	 do	 paintings	 give	 us	 a	 clear	 idea	 of	 both	 the	 field	 and	 border	
designs.	Moreover,	 carpet	 depictions	 could	 be	 vulnerable	 to	 the	 creative	 process	 of	
the	painter	or	to	personal	requests	and	taste	of	the	client,	thus	it	is	essential	to	relate	
the	 depicted	 carpets	 with	 real	 objects.	 Therefore,	we	 use	 carpets	 from	 this	 study	 to	
support	or	enrich	information	on	the	dates	provided	by	paintings	(Figures	VI.	2	and	VI.	3).	
																																																						
13	 Exception	was	made	 for	 16th-	 or	 17th-century	 copies	 displaying	 a	 carpet	 that	 differs	 from	 the	one	
represented	in	the	original	painting.	









life	 with	 a	 Servant	 and	 a	 Parrot.	 1667	 or	 later,	
Frankfurt,	 Historiches	 Museum.	 Published	 by	
Ydema,	1991.	
The	 results	 from	 the	 earliest	 dates	 gathered	 by	 Ydema	 seem	 to	 support	 the	




	 This	 sequence	 is	 also	 reinforced	 by	 Portuguese	 paintings,	 although	 their	
absolute	dates	are	a	decade	or	so	later.	 	The	enthusiasm	of	the	Dutch	bourgeoisie	to	
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Figure	 VI.	 4:	 Unknown	 Flemish	 artist,	
Portrait	 of	 Jean	 Charles	 de	 la	 Faille,	 Lord	







into	 the	 early	 17th	 century,	 appears	 to	 be	 limited	 to	 borders	 a,	 f	 (in	 its	 earliest	
manifestation)	 and	 l	 (see	 Table	VI.	 2	 and	Appendix	 K).	 These	 results	 are	 in	 line	with	














































































important	 that	early	borders	a,	 f,	 and	 l	occur	 together	with	 fields	A,	B	and	C0,	all	of	
which	were	 considered	 from	 the	design	analysis	presented	 in	Chapter	 IV	 to	be	early	
types,	thus	confirming	the	relative	dates.		





and	C0,	C1,	whereas	 it	appears	 in	a	plainer	and	stylized	 form	with	 later	 fields	C3,	C4	




	 Thirdly,	 two	 borders,	 c	 and	 d,	 are	 seen	with	 field	 C2.	 Border	 c	 –	 single	 vine	
meander	with	 lotus	 palmette	 and	 large	 buds	 occurs	 by	 1650,18	 and	 thus	 suggesting	
that	 border	 d,	 which	 lacks	 an	 terminus	 ante	 quem	 date,	 could	 also	 be	 a	 possibly	
development	from	the	17th	century	or	so,	in	which	the	lotus	palmettes	was	applied	to	





18	See	Appendix	K:	S.	 Luttichys,	Still-life	 (57.5	x	45cm),	 c.	1650,	Berlim,	Germany.	Ydema,	1991,	Cat	n.	
508)	
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It	 is	noteworthy	 in	 this	 regard	 that	 from	 these	 three	borders	 (g,	h	and	 i),	 g	–	
lotus	palmettes	alternating	with	pairs	of	curved	sickle	leaves	clasping	rosettes	–	is	the	
first	example	to	make	its	appearance	in	Netherlandish	paintings	(by	1653)19	and	is	also	
found	 in	 real	objects	with	 the	 first	 two	variations	of	 fields	with	sickle-leaves,	namely	
DO	and	D1.	The	latter	(field	D1)	is	also	found	in	association	with	two	different	sickle-
leaf	 borders	 h	 and	 i.	 A	 third	 field	 (D2)	 is	 also	 found	 with	 border	 i.	 This	 coexisting	
correlation	of	sickles	leaves	in	borders	and	fields	seems	to	point	towards	a	brand-new	




field	 E	 found	 in	 a	 single	 object	 shares	 border	 d	 another	 object	 with	 field	 C2.	 This	











quem	 dates	 indicates	 the	 rise	 of	 a	 small	 number	 of	 initial	 designs	 mainly	 with	
palmettes,	cloud	bands	and	chenar	leaves	at	the	end	of	the	16th	and	beginning	of	17th	
centuries,	which	was	 followed	 in	 the	middle	of	 the	17th	 century	by	 a	 growth	 in	 the	
variety	 of	 designs	 and	 the	 emergence	 of	 an	 entirely	 new	 group,	 namely	 with	 sickle	
leaves	in	the	field	and	border	(Figure	VI.	8).	
This	evolution	from	a	small	number	of	designs	to	a	much	wider	variety	raises	a	
number	 of	 questions:	 Were	 all	 these	 developments	 the	 products	 of	 a	 single	
manufacturing	 center?	Or	 do	 they	 reflect	 the	 rise	 of	 the	 type	 in	 one	 center	 and	 its	
rapid	 spread	 to	other	 centers,	where	 further	developments	 took	place?	And	 if	 there	
was	dissemination	of	production,	did	 this	occur	 in	 the	 scale	of	 a	 town	or	 something	
larger,	like	a	region	or	even	multiple	regions?	Was	consumption	playing	any	role	in	this	
dissemination?	How?	Where	this	new	designs	developed	to	fulfil	a	specific	demand?		
These	 questions	 manifest	 how	 date	 and	 origin	 are	 problems	 that	 are	












The	 so-called	 ‘Indo-Persian’	 carpet	 type	 results	 from	 the	 combination	 of	 certain	
materials,	 techniques	 and	 designs	 during	 the	 manufacture	 process.	 In	 this	
dissertation	 information	 about	 these	 three	 features	 is	 combined	 to	 determine	 the	
origin	 and	 date	 of	 the	 ‘Indo-Persian’	 carpets	 and	 understand	 whether	 they	 were	
products	 intended	 for	 export.	 The	 evolution	 of	 the	 industry,	 discussed	 in	 previous	
chapters,	 reveals	 a	 series	 of	 transformations	 during	 the	 16th	 and	 17th	 centuries,	
which	 appear	 to	 reflect	 a	 response	 by	 carpet	 workshops	 to	 the	 increasing	
appreciation	of	various	consumers,	particularly	in	17th-century	Europe.	
	 On	the	basis	of	 fibre,	 technique,	design,	color	and	dye	analysis	 this	chapter	
presents	 a	 system	 of	 carpet	 classification	 for	 the	 various	 carpet	 types	 currently	
under	the	‘Indo-Persian’	designation.	Moreover,	the	relative	chronology	established	
in	 the	 Chapter	 VI	 is	 used	 to	 further	 develop	 this	 system.	 By	 bringing	 together	 the	





complete	 summary	 of	 these	 results	 is	 organized	 according	 to	 the	 carpets	 groups	
established	by	statistical	methods	using	red	and	yellow	samples	and	 is	presented	in	
Appendix	 L.	 Each	 group	 reflects	 differences	 in	 the	 use	 of	 fibers,	 techniques,	 color	
palette,	 dye-sources,	 and	 border	 and	 field	 designs.	 These	 characteristics	 are	
discussed	and	an	origin	proposed.	Finally,	the	chapter	looks	at	their	consumption	by	









used	 together	 for	 carpets	 in	 this	 study	 support	 the	 existence	 of	 multiple	 dyeing	
practices.	The	majority	of	objects	 in	 this	 study	 (54	carpets)	 include	 red	and	yellow	
colors,	which	can	be	use	to	establish	Iranian	or	Indian	origin.	To	further	narrow	their	
attribution	 within	 these	 vast	 geographical	 areas	 it	 is	 require	 to	 combine	 the	
information	from	fiber,	technique,	and	designs	analysis.	The	five	groups	determined	
through	 PCA	 analysis,	 of	 their	 combined	 chromatographic	 results	 (see	 Chapter	 V,	
section	V.	2.	2.	3),	 is	used	as	the	basis	for	 looking	at	relationships	between	objects	
that	 could	 indicate	 different	 manufacturing	 practices	 and	 possible	 scale	 of	
workshops	and	their	settings.			
The	variety	of	choice	of	fibers,	techniques,	color	and	dye	sources	exhibited	by	
objects	 in	 each	 group	 discloses	 the	 level	 of	 sophistication	 of	 carpet	manufacture,	
offering	 a	 window	 onto	 Iranian	 and	 Indian	 manufacturing	 traditions	 and	 their	
development	during	16th	and	17th	centuries.	Detailed	information	about	each	group	




The	 diagram	 in	 Figure	 VII.	 1	 presents	 all	 the	 carpet	 groups	 and	 two	major	
moments	of	carpet	production,	which	will	be	described	in	due	course.	The	discussion	
here	starts	by	addressing	 the	major	differences	between	 Indian	and	 Iranian	carpet	
manufacturing	 practices,	 namely	 groups	 II	 and	 III.	 It	 then	 focuses	 on	 the	










Figure	 VII.	 1:	 Diagram	 presenting	 the	 five	 carpet	 groups	 and	 two	 major	 moments	 of	 carpet	
production.	
	
Indian	 carpet	 production	 is	 recognized	 from	 Group	 II	 (Figure	 VII.	 1),	




by	 using	 young	 fustic,	 turmeric	 and	 flame	 of	 the	 forest	 –	 a	 mixture	 of	 local	 dye	
sources	 (Appendix	 L).	 Moreover,	 the	 color	 palette	 from	 Indian	 carpets	 does	 not	
include	 the	 use	 of	 orange,	 further	 reinforcing	 the	 differences	 between	 the	 Indian	
palette	and	Early	Safavid	dyeing	practices	(Figure	VII.	2).		
For	this	study,	17th-century	carpets	with	Indian	attribution	were	deliberately	
selected	 for	 their	 designs,	which	 contrasted	with	 the	 classical	 ‘Indo-Persian’	 type.1	
From	the	 total	 seven	 Indian	carpets,	 five	grouped	 together,	 including	 the	 two	Safs	









Similarities	 between	 technical	 features	 and	 the	 use	 of	 sappanwood	 in	 the	















paintings,	 over	 the	 course	 of	 a	 century,	 from	 1598	 until	 1698	 (see	 Chapter	 VI).	




































Carpets	 in	Group	 III	 represent	 early	 Safavid	 production.	 The	manufacture	 of	
the	 six	 carpets	 is	 consistent	 and	 includes	 the	 use	 of	 silk	 warps,	 high	 knot	 density,	
sophisticated	and	dense	designs,	and	rich	color	palette.	Their	technique,	high	quality	
materials,	 palette	 and	 the	 relative	 chronology	 of	 their	 designs	 suggest	 production	
from	 well-resourced	 and	 organized	 workshops,	 likely	 working	 closely	 with	 (or	
observing)	Safavid	court-sponsored	workshops	between	the	late	16th	and	early	17th	
centuries.		
The	red	historical	samples	 from	the	six	carpets	 included	 in	Group	 III	 indicate	
the	use	of	tannins,	Kerria	and	possibly	kermes,	while	yellows	can	be	characterized	by	




traditions. 5 	A	 possible	 Turkish	 origin	 for	 this	 group	 however,	 is	 refuted	 by	 the	
presence	 of	 madder,	 which	 has	 been	 shown	 to	 be	 a	 characteristic	 exclusively	 of	
oranges	in	Safavid	carpets	but	not	in	contemporary	Turkish	carpets,	where	madder	is	
typically	used	for	the	reds.6			
The	 presence	 of	 Rubia	 sp.	 compounds	 such	 as	 alizarin,	 ruberythric	 acid,	
lucidin-primveroside	 and	 2,6-di-OH-anthraquinone	 in	 the	 yellows	 indicates	 that	 its	
use	can	be	of	exceptional	significance	 for	 identifying	regional	dyeing	practices.	Only	
alizarin,	 however,	 can	be	 securely	 associated	with	 a	 specific	madder	 species:	Rubia	









colors:	 	oranges	or	 in	 the	orange	component	of	 the	yellows.	Dye	analysis	 supports	
the	 high	 quality	 of	 carpets	 T747	 and	 1942.9.447,	 not	 only	 due	 to	 the	 use	 of	
expensive	red	 insect	dyes	 (Kerria	and/or	kermes)	but	also	 through	the	presence	of	
complex	yellows.	Two	distinct	combinations	of	yellow	plant	dye	sources	are	present	
(see	 Appendix	 L).	 This	 can	 be	 observed	 in	 the	 red	 samples	 from	 both	 of	 these	
objects,	which	combine	one	or	more	of	the	following	yellow	dye-sources:	Euphorbia	




hue	 to	 the	 yellows	 in	 these	 carpets.	 However,	 the	 variable	 use	 of	 madder	 and	
sappanwood	 in	the	oranges	 indicate	differences	 in	dyeing	procedures	between	the	
two	objects.	In	1942.9.477	madder	is	detected	in	yellow,	orange	and	brown	samples,	
and	 sappanwood	 is	present	 in	all	 colors,	whereas	 in	T747	madder	 is	only	 found	 in	




fragment	R33.4.11	with	animals	 in	 the	 field	 clustered	with	Group	 III	 (see	appendix	
D),	 together	 with	 the	 only	 other	 object	 depicting	 animals,	 carpet	 1942.9.477.	
However,	when	comparing	the	two	objects,	the	former	(R33.4.11)	is	revealed	to	be	
an	 inferior	grade	of	carpet	owing	to	the	presence	of	Z3S	cotton	threads	 instead	of	
silk	 and	 its	 moderate	 execution	 of	 the	 design.	 Moreover,	 a	 close	 relationship	
between	the	choice	of	dyes	and	field	design	is	apparent	in	carpets	T747	and	26.287,	
which	 displaying	 Field	 C0	 (see	 Appendices	 D	 and	 L).	 Their	 border	 designs	 are	
different	 (f	 and	a,	 respectively),	but	both	are	early	designs	 types	 seen	 in	16th	and	





occurred	between	 the	16th	and	17th	centuries	 in	 carpet	production.	Sophisticated	
designs	executed	with	a	wide	 range	of	expensive	dyes	were	maintained,	while	 silk	
was	 replaced	 by	 cotton,	 making	 the	 carpets	 more	 economical,	 allowing	 for	 a	
decrease	in	production	costs.	The	replacement	of	expensive	materials	with	cheaper	
ones	 was	 one	 of	 the	 innovative	 responses	 from	 Iranian	 carpet	 producers	 to	 new	
demands	 –	 something	 that	 can	 be	 recognized	 in	 the	 objects	 in	 Group	 V	 ‘New	
Carpets’	(Figure	VII.	3).		
The	 term	 ‘New	 Carpets’	 is	 used	 to	 describe	 objects	 in	 Group	 V,	 which	
production	seems	to	develop	from	Early	Safavid	carpet	production	(Group	III),	due	to	
1)	having	similar	a	weaving	structure,	2)	including	all	the	early	version	of	Field	C	‘Vine	
scroll	 with	 Central	 Void	 and	 Clouds’	 and	 early	 ‘Vine	 scroll	 with	 Central	 Void	 and	
Clouds	-	Sickle	leaf’	(Field	D)	and	3)	sharing	dye	sources	for	red,	yellow	and	orange	








experimentation	 in	 dyeing	 practices.	 The	 reason	 behind	 this	 appears	 to	 be	
achievement	of	new	yellows,	possibly	to	replace	more	expensive	traditional	yellows.	
Diversity	and	experimentation	will	become	increasing	characteristics	in	the	evolution	
of	 the	 type.	 The	 change	 from	 a	 silk	 to	 a	 cotton	 foundation,	 while	 maintaining	
sophisticated	designs,	further	reinforces	the	notion	of	innovation	occurring	between	
Group	III	and	V,	which	from	the	analysis	of	designs	presented	in	Chapter	VI	occurred	
between	 late	16th	and	mid	17th	 centuries.	Despite	 the	manifest	 efforts	 to	 reduce	





arms,	 and	 different	 color	 in	 the	 background	 of	 a	 densely	 field.	 Such	 distinctive	
features	 are	 suggestive	 of	 a	 special	 commission,	 therefore	 are	 termed	 as	 Va	 –	
Commissioned	carpet.	The	latter	also	reveals	unusual	characteristics,	which	indicate	
commission,	 such	as	 the	green	 field	and	 red	borders	as	opposed	 to	 the	 traditional	
red	 field	and	green	borders	of	 the	vast	majority	of	 these	carpets.	Both	carpets	are	
also	densely	decorated	with	sophisticated	designs,	achieved	with	a	high-knot	density	
superior	 to	 3.000	 knots	 per	 square	 decimeter	 (see	 carpets	 15Tp	 and	 84Tp	 in	
Appendix	 D).	 Such	 features	 are	 indicative	 of	 carpets	 commissioned	 to	 urban	
workshops	interacting	with	court	ateliers	in	Iran	during	the	early	17th	century	(Figure	
VII.	1).		
Large	 looms	 can	 manufacture	 carpets	 of	 smaller	 dimension,	 while	 the	




Central	 Void	 and	 Clouds,	which	 has	 a	 knot	 density	 that	matches	 the	 large	 carpets	
previously	 described	 (3.025	 knots	 per	 square	 decimeter),	was	 probably	made	 in	 a	
similar	 workshop.	 Interestingly,	 it	 also	 exhibits	 border	 f,	 recognized	 in	 European	
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paintings	as	early	as	1598	(Appendices	D	and	K),	suggesting	it	could	be	dated	to	the	
early	 17th	 century.	 All	 of	 these	 commissioned	 carpets	 (Va)	 show	 features	 that	
indicate	a	similar	date	and	their	high	knot	count	and	complex	designs	also	reveal	an	
interest	in	maintaining	the	high	quality	features	of	earlier	production,	which	declines	
in	 later	groups.	Despite	 its	smaller	size,	which	allowed	a	significant	decrease	 in	the	
time	 of	 manufacturing,	 the	 quality	 maintained	 in	 carpet	 10Tp	 indicates	 it	 was	
probably	made	to	target	a	similar	consumer,	although	at	a	reduced	cost	owing	to	its	
reduced	size.			
The	 other	 production	 within	 Group	 V,	Vb	 –	 Carpets	 in	 demand,	 comprises	
carpets	of	 various	dimensions	manufactured	with	a	 lower	knot	density	–	 less	 than	
circa	2500	knots	per	square	decimeter,	characterized	by	an	expansion	in	the	number	
of	combinations	of	field	and	border	designs.	These	objects	display	 later	versions	of	
Field	 C	 (C2,	 C3	 and	 C4)	 and	 early	 versions	 of	 D	 (D0	 and	 D1),	 with	 border	 designs	
establishing	a	mid	17th-century	date	for	their	production.	Most	significantly,	a	new	
motif	–	 the	sickle	 leaf,	appears	 for	 the	 first	 time	 in	examples	of	Field	D.	This	motif	
will	 dominate	 later	 groups.	 In	 addition,	 this	 group	 witnesses	 an	 increase	 in	 the	
variation	of	dye	sources	used	in	comparison	with	Group	III.	Overall,	carpets	in	Vb	–	




easily	distinguished	 from	 the	other	 carpets	 in	Group	V	by	 their	weaving	 technique	
and	designs,	and	do	not	imply	an	Indian	origin	for	the	entire	Group.	Indeed,	one	of	
them	is	extremely	unique.	It	exhibits	distinctive	technical	features	(Z2S	silk	knots	and	
Z7S-Z8S	 cotton	 foundation),	 silk	 and	 not	 wool	 in	 the	 pile	 and	 the	 red	 insect	 dye	
cochineal	in	the	field.	Cochineal	would	have	been	imported	from	Eastern	Europe	or	
the	Americas,	thus	showing	that	Indian	silk	carpet	workshops	had	access	to	luxurious	
dyeing	 materials.	 Cochineal	 has	 never	 been	 found	 in	 the	 ‘Indo-Persian’	 group,	
further	distinguishing	this	carpet	from	the	rest	of	Group	V.	Yet,	it	has	been	found	in	
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the	 silk	 Kashan	 carpets	 associated	 with	 court	 production	 in	 Iran.7 	This	 further	
emphasizes	a	more	commercial	context	for	the	manufacture	of	the	‘Indo-Persians’.	
To	 summarize,	 the	 results	 from	 the	group	point	 to	a	proliferation	of	 varied	
manufacturing	 practices	 around	 the	 middle	 of	 the	 17th	 century	 something	 that	
continues	in	the	next	two	Groups	I	and	IV,	which	can	be	dated	to	the	second	half	of	









the	 inferior	number	of	 yellow	dye-sources,	 and	 thus,	distancing	 its	dyeing	practices	




oranges	 in	 the	 color	palette	diminishes,	with	brown	 showing	 a	 very	heterogeneous	
combination	of	dye-sources	and	the	consistent	presence	of	tannins.		
	 The	weaving	techniques	from	carpets	in	Group	I	are	very	homogeneous	and	
consistent	 with	 Iranian	 weaving	 traditions.	 Nonetheless,	 designs	 range	 from	 later	
developments	of	Field	C	(C3	and	C4),	and	some	variations	of	Field	D	(D0,	D1	and	D2),	
to	 Fields	 F	 and	 G.	 The	 latter,	 ‘Tile	 Pattern	 –	 Quatrefoil	 Arabesque	 split-leaf’	 and	
‘Large-scale	geometrical	networks	of	Vine	scroll	and	Sickle	leaf’,	are	both	suited	for	
production	of	 carpets	 of	 large	 dimensions	 appropriate	 for	wealthy	 consumers	 and	
palatial	settings	(Appendix	L).		
		 This	 is	 the	 case	 for	 large	 carpets	48Tp	and	67Tp	with	 Field	 F	 and	border	 k,	
which	also	share	technical	features.	Both	have	the	same	combination	of	dyes	for	red	
and	yellow	colors	and	are	found	in	Group	I	(Appendix	L).	The	difference	between	the	
two	objects	 is	 the	combination	of	dye-sources	used	 for	 the	browns	and	the	use	of	
madder	in	oranges	and	browns	from	carpet	67Tp	(Appendix	L).		
Interestingly,	 carpet	 75Tp	 share	 the	 same	 field	 and	border	design,	 and	dye	
combination	in	the	oranges	but	with	no	browns	in	the	color	palette,	which	indicates:	
1)	 that	 a	 single	 workshop	 producing	 provided	 similar	 designs	 with	 different	 color	
palette	or	2)	that	urban	workshops	very	closely	were	exchanging	designs,	but	using	





same	 workshop	 or	 different	 workshops	 working	 closely	 (See	 Appendix	 D	 and	 L).	
Moreover,	 due	 to	 their	 large	 dimensions	 an	 urban	 workshop	 with	 the	 necessary	
human	 and	 technological	 means	 for	 their	 production	 seems	 likely.	 Noteworthy,	
seems	to	be	the	fact	that	carpets	48Tp	and	75Tp	sharing	identical	borders	(border	k),	





which	 indicate	 that	 border	 i	 is	 often	 used	 in	 carpets	 of	 large	 dimension	 and	with	
earlier	 developments	 of	 Field	 D	 (see	 Appendix	 D).	 The	 creativity	 of	 this	 new	
composition	 is	 visible	 particularly	 in	 the	 famous	 Lafões	 carpet	 (26.277)	 displaying	






Lastly,	 another	 particular	 object	 in	 Group	 I	 is	 carpet	 T756	 with	 a	 very	
questionable	 design.9	In	 this	work	 its	 field	 is	 appointed	 to	 the	 last	 development	 of	
Field	C	(C4)	(see	Chapter	IV),	yet	its	border	(j)	attributes	its	production	to	circa	1650	
(see	 Chapter	 VI),	 which	 supports	 a	 mid	 17th-century	 date	 for	 the	 manufacture	 of	
carpets	in	Group	I.		
When	we	compare	dyeing	practices	between	Group	I	and	IV	the	shared	use	






















The	weaving	 techniques	 between	Group	 I	 and	 IV	 are	 also	 very	 similar	 (see	
Appendix	L).	As	observed	in	carpets	displaying	border	k,	the	design	analysis	revealed	
that	 carpets	 displaying	 border	 c	 appears	 consistently	with	 field	 C2	 (classical	 ‘Indo-
Persian’	design	–	Chenar	leaf)	in	three	carpets	(see	Chapter	IV).	Two	of	them	(11Tp	
and	28Tp)	 found	 in	Group	 IV	 show	a	matching	 combination	of	 dyes	 (see	 Table	 IV.	
16).	 Despite	 sharing	 the	 same	 dye-sources	 the	 third	 object	 (18Tp)	 is	 included	 in	
Group	V,	 due	 to	 their	 use	 in	 different	 combinations.	Nonetheless,	 their	 technique	
and	material	analysis	 indicates	an	 Iranian	origin,	 likely	 from	the	same	workshop	or	
different	workshops	working	 in	 a	 close	 environment.	Moreover,	 carpets	 11Tp	 and	
18Tp	with	different	dye	combinations	display	identical	minor	borders,	which	fosters	








number	of	 yellow	dye-sources	used	 in	Group	V,	decreases	 in	Group	 IV	 (something	
already	observed	before	in	Group	I),	while	maintaining	the	use	of	weld	and	madder	
in	yellows	and	oranges,	established	before	as	 typical	 characteristic	of	early	 Iranian	
carpet	production.	Moreover,	browns	from	Group	IV	have	two	varieties	of	yellow	in	
combination	with	tannins	(Figure	VII.	6).	
Based	 on	 this	 methodology	 the	 remaining	 five	 objects	 (T746,	 T750,	 T754,	
T756,	and	27Tp)	can	now	be	associated	with	different	productions.	In	addition	to	silk	
warps,	sophisticated	designs	accomplished	using	a	high-knot	density	(c.	4.000	knots	
per	 square	 decimeter),	 carpet	 T746	 shares	 yellow	 dyes-sources	 with	 carpets	
displaying	earlier	 fields	design	 (Field	A)	and	can	 therefore	be	associated	with	early	
Iranian	 production	 -	 Group	 III.	 Carpet	 fragments	 T750	 and	 T754	 share	 the	 pink	
background	 fields	 and	 border	 f.	 In	 both	 cases,	 the	 pink	 color	 shows	 the	 use	 of	
sappanwood	while	yellows	in	T750	can	be	associated	with	early	17th-century	dyeing	




distinct	 field	 and	border	designs,	 the	production	of	 carpets	 T756	and	27Tp	 can	be	
related	with	Group	I	and	thus	these	objects	were	likely	manufactured	during	the	mid	
17th	century	in	the	midst	of	experimentation	in	designs	and	dyeing	practices.	




bath	 occurs	 in	 Group	 V.	 Significant	 differences	 are	 also	 observed	 in	 fibers	 and	
designs;	 silk	 in	 Group	 III	 is	 replaced	 by	 cotton	 in	 the	 foundation	 of	 V,	 and	 the	
sophisticated	animal	designs	are	transformed	into	exclusively	floral	representations.	
These	 developments	 can	 be	 dated	 from	 the	 chronology	 of	 designs	 presented	 in	
Chapter	VI	as	occurring	between	the	late	16th	and	early	17th	centuries,	reinforcing	
that	 these	 initial	 innovations	occurred	during	 the	 reign	of	Shah	Abbas.	 In	addition,	




Group	 I	 and	 IV	 are	 later	 developments.	 Here,	 the	 number	 of	 yellow	 dye	
sources	 used	 in	 a	 single	 dye	 bath	 is	 reduced,	 but	 the	 number	 of	 combinations	
between	them	increases	to	produce	new	yellows	not	seen	previously	‘New	Carpets’	
(V)	 and,	 when	 occurring,	 also	 new	 oranges.	 This	 development	 indicates	 that	 the	
innovations	of	Group	V,	 involving	a	great	variety	of	dye	sources,	were	 followed	by	
experimentation	 with	 combining	 them	 to	 create	 new	 dye	 recipes	 and	 different	
yellows	 in	 Groups	 I	 and	 IV.	 From	 the	 painting	 evidence	 this	 transition	 can	 be	
attributed	with	confidence	to	the	mid	17th	century.	Moreover,	the	use	of	weld	and	
madder	 for	 yellows	 and	 oranges	 in	 Group	 IV,	 which	 are	 also	 found	 in	 the	 Early	
Safavid	 manufacturing	 traditions	 (Group	 III),	 indicates	 that	 objects	 from	 Group	 IV	
were	likely	produced	in	Iran,	as	opposed	to	India.		
The	 pattern	 observed	 above	 -	 in	 which	 the	 ‘New	 Carpets’	 (V)	 display	 the	
maximum	number	of	colors	and	dye-sources	is	followed	by	a	reduction	in	the	variety	
of	these	dye-sources	but	their	use	 in	more	varied	combinations	 in	 I	and	IV	-	 is	also	
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seen	 in	 the	 designs.	 Namely,	 the	 intricate	 network	 of	 vine-scrolls	 with	 numerous	
small	motifs	in	the	field	develops	into	large-scale	designs	with	new	motifs,	together	
with	an	 increase	 in	different	combinations	of	borders	and	 fields,	 leading	 to	a	wide	
variety	of	 carpet	designs.	 This	 transformation	 can	be	 traced	 in	 carpets	of	 the	Vine	
scroll	with	Central	Void	and	Clouds	type,	in	which	Fields	C0	to	C3	using	the	traditional	
motifs	found	in	Early	Safavid	carpets	is	transformed	in	C4	with	the	introduction	of	a	
new	element:	 the	pinwheel	 rosette,	which	 is	 followed	by	other	motifs	 such	as	 the	
sickle	 leaf	 in	 field	D.	 This	 transition	 can	 be	 dated	 to	 around	 the	mid	 17th	 century	
from	the	painting	evidence	(Chapter	VI).		
This	expansion	of	dyeing	practices	and	designs	used	 in	carpet	manufactures	
from	 the	mid	 17th	 century	 is	 consistent	with	 experimentation	 and	proliferation	 in	





presence	of	border	c	 in	Groups	 IV	and	V	 (also	associated	with	 III)	 further	 confirms	
this	 relationship.	By	contrast,	Group	 I	has	different	yellow	dye	sources	 (no	weld	or	
madder)	 and	 also	 includes	 a	 specific	 design	 type,	 namely	 Field	 G	 (Large	 scale	
geometric	 vine	 scroll	 and	 sickle	 leaf).	 Otherwise,	 it	 relates	 to	 Group	 IV.	 These	
comparisons	link	Groups	III,	V	and	IV	but	distinguish	Group	I,	suggesting	that	the	first	
three	 reflect	 reasonably	 localized	 production	 in	 a	 city	 or	 region	 of	 Iran,	while	 the	
location	of	Group	I	remains	uncertain	and	could	even	be	Indian,	as	discussed	further	
below.	As	 far	 as	 the	 region	of	 production	 for	 III,	 IV	 and	V,	 it	 seems	 reasonable	 to	
exclude	production	in	northeast	Iran.	Narrowing	these	attributions	to	a	specific	city	
or	 region	 requires	 understanding	 more	 about	 local	 dyeing	 practices	 in	 cities	 like	
Isfahan,	Kerman	or	Yazd.		
Unfortunately,	 such	 a	 study	 requires	 historical	 objects	 for	 which	 origin	 is	
confirmed,	which	as	discussed	 in	Chapter	 II	 is	extremely	rare.	One	carpet	that	 is	of	
extreme	 importance	 in	 this	 respect	 is	 the	Mashhad	 carpet,	 discussed	 below,	 as	 it	
could	 help	 to	 indicate	 a	 link	 with	 Kerman	 for	 their	 production.	 In	 addition,	 the	
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examination	of	Persian	sources	can	be	of	 immense	 importance	as	has	seen	for	the	
arts	of	 the	book,	 regarding	 the	precise	materials	 and	working	methods	use	by	 the	
various	 personnel	 required	 to	 textile	manufacture,	 in	 particular	 dyeing	master,	 as	




carpets	 11Tp	 and	 18Tp	 with	 identical	 minor	 borders	 but	 with	 different	 dye	
combinations	 in	 the	 yellows.	 A	 weaver	 working	 in	 an	 urban	 workshop	 producing	
these	commercial	carpets	was	likely	to	have	a	voice	in	the	execution	of	a	pattern	or	
even	 in	the	choice	of	colors,	but	not	 in	the	dyeing	practices	used	to	achieve	them.	




From	 the	 dye	 results,	 it	 is	 possible	 to	 establish	 the	 exclusion	 of	 the	 use	 of	
madder	or	orange,	in	the	color	palette	of	Indian	carpets	from	the	17th	century.	This	
information,	 together	with	 the	 consistent	 use	 of	 local	 yellow	dye-sources,	 such	 as	
young	 fustic,	 turmeric	 and	 flame	 of	 the	 forest,	 represent	 significant	 evidence	 for	
diagnosing	 an	 Indian	 origin	 for	 production.	 In	 addition,	 Indian	 carpet	 26.286,	
includes	the	use	of	silk	and	the	red	insect	dye	cochineal,	also	found	in	Early	Safavid	
silk	 ‘Kashan’	 carpets,10	shows	 that	 Indian	 workshops	 also	 had	 access	 to	 luxurious	




and	 cotton	 represented	 distinctive	 manufacture	 traditions	 in	 both	 Iran	 and	 India	




ranging	 from	 West	 to	 South	 and	 Southeast	 Asia.	 The	 use	 of	 sappanwood11 	is	
identified	for	the	first	time	here	in	association	with	17th-century	Iranian	and	Indian	
carpets.	Moreover,	 in	 addition	 to	 suggesting	 an	 exchange	 of	 knowledge	 in	 dyeing	
practices	 between	 Iran	 and	 India,	 its	 presence	 can	 indicate	 that	 there	 was	 an	




found,	 which	 include	 madder	 and	 weld,	 seems	 to	 support	 this	 kind	 of	 exchange.	
Moreover,	 despite	 displaying	 border	 f	 –	 one	 of	 the	 most	 popular	 seen	 in	
combination	with	Fields	C	and	D,	the	ton-sur-ton	effect	seen	on	both	the	light	green	
inner	minor	border	and	green	major	border,	and	the	pink	horseshoe-shaped	clouds	
against	 the	 red	 field,	 suggests	 that	carpet	T753	could	be	an	example	of	Vine	scroll	
with	Central	Void	and	Clouds	produced	by	Iranian	weavers	working	in	India.		
Likewise,	carpet	T756	in	Group	I	also	presents	the	ton-sur-ton	effect,	which	in	
addition	with	 its	unique	design	with	a	 flaming	diamond	medallion	and	a	 single	vine	
border	has	been	used	as	an	argument	for	a	attributing	it	to	India.12	Charles	Grant	Ellis	
considered	it	to	be	an	Indian	copy	of	the	so-called	‘Indo-Persian’	type	(with	floral	and	





border	 (j)	 attributes	 its	 production	 to	 circa	 1650	 (see	 Chapter	 VI),	 indicating	 a	mid	
17th-century	manufacture	date.		
The	 results	 have	 appointed	 carpet	 T756	 to	 a	 production	 that	 develops	 from	
‘New	Carpets’	(V),	in	which	experimentation	occurs	by	reducing	the	number	of	yellow	
																																																								
11	Known	 to	 be	 native	 to	 the	 region	 between	 central	 and	 southern	 India	 through	 Burma,	 Thailand,	
Indochina	and	southern	China	to	peninsular	Malaysia	(see	Chapter	V).	
12	Mills,	2007.	





and	weld	 –	 associated	with	 Iranian	 dyeing	 traditions,	 are	 totally	 absence	 from	 the	
palette.	 This	 fact	 together	 with	 existence	 of	 carpets	 displaying	 the	 latest	
developments	of	field	designs	(F	and	G)	-	with	large-scale	motifs,	lower	knot	density,	
and	 a	 more	 limited	 color	 palette	 and	 range	 of	 dye-sources	 (Appendix	 L)	 -	 places	
carpets	 in	 Group	 I,	 including	 carpet	 T756,	 further	 away	 from	 Iranian	 attribution.	
Therefore,	 the	 design	 and	 color	 features,	 and	 the	 dye	 analysis	 performed	 seem	 to	
suggest	T756	is	the	result	of	a	later	production	with	access	to	dye-sources	used	used	
in	 Iranian	 in	 early	 17th-century,	 but	 likely	 adapted	 into	 new	 less	 elaborated	
combinations	in	workshop	outside	Iran.		
Together	the	results	 from	the	59	carpets	attest	 to	two	different	moments	 in	
carpet	 production.	 The	 first,	 innovation,	 occurred	 between	 the	 late	 16th	 and	 early	
17th	 centuries	 and	 the	 second,	 experimentation,	 happened	 around	 the	 mid	 17th	
century	 onwards.	 The	 five	 groups	 previously	 characterized	 represent	 different	
moments	 (and	 possibly	 places)	 in	 a	 century-long	 carpet	 manufacturing	 tradition.	
Moreover,	they	attest	that	in	addition	to	the	production	of	high-end	carpets	made	of	
precious	materials	 that	 include	 silk,	metal	 thread,	 large	 color	palette	 achieved	with	
expensive	 dyes,	 with	 the	 display	 of	 sophisticated	 designs,	 Safavid	 carpet	 industry	
developed	into	new	and	more	affordable	carpets	of	significant	dimensions	and	large-






The	 majority	 of	 the	 so-called	 ‘Indo-Persian’	 carpets	 have	 a	 wool	 pile	 and	 cotton	
warps	and	wefts.	The	 introduction	of	cotton	in	the	carpet	structure,	as	opposed	to	






with	 unidentified	 coat	 of	 arms	 (Figure	VII.	 8);	 3)	 the	 large	 ‘Vine	 scroll	with	 Central	
Void	 and	 Clouds’	 carpet	 (Figure	 VII.	 9),	 4)	 the	 ‘Lafões’	 carpet	 (Figure	 VII.	 10)	 and	
finally,	5)	the	Tile	Pattern	–	Quatrefoil	Arabesque	split-leaf	carpet	(Figure	VII.	11).	
The	first	object,	the	Mashhad	carpet,	belongs	to	the	Carpet	Museum	of	the	
Shrine	of	 Imam	Riza	 (Mashhad,	 Iran)	 (Figure	VII.	7).	 Its	design	shows	 the	complete	
absence	of	animal	or	human	figures	in	the	field,	and	is	densely	decorated	with	two	
sophisticated	 sets	 of	 vine-scrolls	 and	 floral	 motifs	 against	 a	 red	 background.	 The	
border	 shows	 in-and-out	 palmettes	 displayed	 diagonally,	 alternating	 with	 pairs	 of	
leaves.	This	design	is	adopted	and	further	developed	in	‘Vine	scroll	with	Central	Void	
and	Clouds’	carpets	(Fields	C	and	D).	
The	 carpet	 exhibits	 a	 cotton	 and	 silk	 foundation	 and	 woven	 structure	
embellished	with	metal	 thread	 (wrapped	 around	 a	 silk	 core14),	 which	makes	 it	 an	
exceptional	 carpet	 and	 distinctive	 from	 the	 Indo-Persians	 discussed	 so	 far	 in	 this	
thesis.	This	high-end	wool	pile	carpet,	measures	approximately	5.60	meters	in	length	
by	 3.50	 meters	 in	 width,	 and	 has	 a	 knot	 count	 over	 4.900	 knots	 per	 square	
decimeter.	Local	tradition	maintains	that	it	was	given	to	the	shrine	by	Shah	‘Abbas.15	
Additionally,	 as	 Thompson	 explains	 “indeed,	 Iskandar	 Beg	 Munshi	 records	 that	





high-quality	 carpets	 were	 being	 produced	 outside	 Isfahan	 under	 Shah	 Abbas’s	














second	 carpet,	 ‘Vine	 scroll’	 carpet	 with	 unidentified	 coats	 of	 arms	 belonging	 to	
Museu	Nacional	de	Arte	Antiga	 (Lisbon,	Portugal).	This	object	with	a	wool	pile	and	























border	 (Figure	VII.	8).	 It	also	exhibits	 large	dimensions	 (7.96	x	3.75	m),	wool	knots	
and	 cotton	 foundation.	 Its	 higher	 knot	 count	 (over	 3.000	 knots	 per	 square	











The	 ‘Lafões’	 carpet	 (13.49	 x	 4.32	 m),	 similarly,	 represented	 a	 substantial	
investment	 (Figure	 VII.	 10	 and	 Appendix	 D)	 and	 from	 it	 history	 it	 is	 possible	 to	
establish	 with	 more	 accuracy	 the	 intended	 consumer.	 It	 has	 a	 well-known	
provenance.	 Before	 being	 sold	 in	 2014	 as	 part	 of	 the	 collection	 from	 the	 former	
Corcoran	Gallery	of	Art,	 it	 is	documented	to	have	belonged	to	Caetano	Seismundo	
de	Braganca	(1856-1927),	Duke	de	Lafões,	and	illegitimate	brother	of	King	Joao	V	(r.	










-	 Large-scale	 Vine	 scroll	 with	 Central	 Void	 and	 clouds	 –	 Sickle	 leaf,	 a	 later	
development	of	Field	D,	due	to	the	display	of	large-scale	motifs,	where	the	sickle	leaf	
becomes	 a	 predominant	 element	 of	 the	 design	 of	 both	 the	 field	 and	 borders,	 in	
contrast	with	design	in	Field	C.	The	design	chronology	developed	in	this	work	dates	
its	 production	 to	 the	 second	half	 of	 the	 17th	 century	where	 the	 scale	 of	motifs	 is	
seen	to	increase,	thus	making	it	later	than	the	objects	discussed	previously	here.	
The	 ‘Lafões’	 carpet	 is	 also	made	of	wool	pile	and	cotton	 foundation	but	 its	
large-scale	 designs	 are	woven	with	 a	 lower	 knot	 density,	 reducing	 the	 production	




These	 four	 carpets	 demonstrate	 a	 trend	 in	 production	 beginning	 with	 a	
carpet	 involving	 a	 sophisticated	 design	 and	 precious	 materials,	 commissioned	 by	





time	 and	 cost.	 Its	 colors	 also	 involve	 fewer	 dye-sources	 which	 are	 used	 in	 more	
varied	combinations	and	associated	with	the	period	of	experimentation.	This	 latter	
phenomenon	 occurs	 in	 the	 mid	 17th	 century	 and	 is	 accompanied	 also	 by	
experimentation	in	designs	(Groups	I	and	IV).		
This	 phase	 seems	 to	 indicate	 an	 increased	 demand	 for	 these	 knotted-pile	




the	knot	count	and	therefore	 the	number	of	hours	of	 labour.	This	 interest	 in	 large	
dimension	carpets,	led	to	the	development	of	tile-pattern	designs	executed	in	rows,	













Figure	 VII.	 12:	 Saint	 Francis	 Xavier	 bidding	
farewellto	D.	 Joao	 III	 before	 leaving	 to	 evangelize	
India,	c.	1619.	Andre	Reinoso,	Church	Sao	Roque,	
Museu	 de	 Sao	 Roque,	 	 Portugal.	 Published	 by:	
Hallett,	2007.	








of	 guilds	 or	 aristocracy	 (Figure	 VII.	 14),	 with	 the	 largest	 number	 of	 depictions	
occurring	in	the	third	quarter	of	the	17th	century.19	In	this	thesis	we	have	observed	
that	 there	 is	 an	 expansion	 in	 production	 in	 the	 middle	 of	 the	 17th	 that	 involves	
experimentation,	 probably	 linked	 to	 an	
increase	 in	 demand,	 and	 the	 painting	
evidence	 as	well	 as	 the	 large	 numbers	 of	
existent	 carpets	 in	 Portuguese	 collection	
suggests	 that	 it	 may	 have	 come	 from	
Europeans	consumers.		
To	 conclude,	 the	 introduction	 of	
cotton	 represents	 a	 significant	 step	 for	











scale	motifs	 into	 new	 simplified	 compositions	 of	 large-scale	motifs	 using	 less	 knot	
density.	This	allowed	the	decrease	in	production	time,	while	in	parallel,	the	increase	
the	 of	 numbers	 of	 carpets	 produced	 to	 respond	 to	 new	 consumers	 in	 search	 of	
carpets	of	quality	of	 large	dimensions	and	appealing	design	and	colors.	As	a	result,	
the	 incentive	 given	 to	 workshops	 by	 new	 international	 markets,	 and	 possibly	
Europeans	consumers,	seems	to	have	encouraged	them	to	experiment,	resulting	 in	













new	 types	 of	 carpets.	 It	 defines	 sustained	 criteria	 for	 establishing	 groups	 of	 carpets	
within	 the	Vine	 scroll	with	 Central	 Void	 and	 Clouds	 type.	Moreover,	 it	 presents	 new	
designations	for	the	various	designs	recognized	and	offers	a	window	onto	how	Iranian	
and	 Indian	carpet	production	developed	and	adapted	 to	accommodate	 the	demands	
of	 new	 markets	 and	 consumers	 in	 places	 like	 Europe	 between	 the	 16th	 and	 17th	
centuries.	 It	 argues	 that	 so-called	 ‘Indo-Persian’	 type	 is	 a	 commercial	 response	 from	
the	Islamic	carpet	industry	to	new	markets	as	result	of	the	new	maritime	trade	and	the	
resultant	increase	in	demand	from	European	elites.		
The	 use	 of	 Islamic	 carpets	 as	 historical	 evidence	 is	 of	 vital	 importance	 to	
understand	the	origin	of	Vine	scroll	with	Central	Void	and	Clouds	carpets,	especially	as	
historical	 sources	 appear	 to	 be	 silent	 on	 this	 subject.	 Likewise,	 the	 selection	 of	
historical	objects	with	distinct	designs	and	geographical	attributions	is	fundamental	to	




Museu	 Nacional	 de	 Machado	 de	 Castro	 (Portugal),	 and	 The	 Textile	 Museum,	 The	
National	 Gallery	 of	 Art	 and	 the	 former	 Corcoran	 Gallery	 of	 Art,	 all	 based	 in	
Washington,	 DC,	 involved	 study	 of	 their	 field	 and	 border	 designs,	 technique	 and	
materials.	 The	 analysis	 of	 their	 designs	 identified	 twelve	 major	 border	 groups	
correlated	 with	 the	 eight	 fields,	 and	 their	 variations.	 From	 this,	 two	 significant	




with	 multiple	 field	 designs.	 This	 situation	 can	 be	 interpreted	 in	 two	 ways:	 1)	 by	
transmission	of	designs	between	multiple	workshops	working	closely	in	a	large	city	or	
wider	region,	or	2)	by	an	increasing	creativity	through	design	experimentation	to	meet	
market	 demand.	 In	 addition,	 this	 analysis	 has	 provided	 new	 labels	 to	 refer	 to	 the	
various	designs	previously	described	under	the	‘Indo-Persian’	designation.		
Looking	 at	 their	 depictions	 in	 approximately	 230	 Portuguese	 and	 Dutch	






the	 rise	of	a	 small	number	of	 initial	designs	mainly	with	palmettes,	 cloud	bands	and	
chenar	 leaves	 at	 the	 end	 of	 the	 16th	 and	 beginning	 of	 17th	 centuries,	 which	 was	
followed	 in	the	middle	of	the	17th	century	by	a	growth	 in	the	variety	of	designs	and	
the	 emergence	 of	 an	 entirely	 new	 group,	 namely	with	 sickle	 leaves	 in	 the	 field	 and	
border.	The	evolution	from	a	small	number	of	designs	to	a	much	wider	variety	raises	a	
number	 of	 questions,	 and	 demonstrates	 how	date	 and	 origin	 are	 problems	 that	 are	
intrinsically	related.	It	stresses	the	importance	of	addressing	these	problems	together	
when	studying	historical	carpets.		
Carpets	 are	 products	 of	 a	 complex	 chain	 of	 operations,	 some	 of	 which	 can	
remain	 fixed	 for	 long	periods	while	others	can	change	suddenly	or	evolve	with	great	
speed.	Consequently,	attempting	to	solve	problems	of	origin	it	is	not	complete	without	






in	 the	 weaving	 analysis.	 Consequently,	 the	 most	 consistent	 method	 for	 comparing	
different	woven	 structures	 is	 to	 rely	 on	 the	observation	of	 three	main	 features:	 pile,	
warps	and	wefts.	The	examination	of	carpets	based	on	these	three	elements	allowed	
for	the	establishment	of	seven	groups.	The	largest	group	comprises	46	of	the	total	59	
objects	 in	 this	study,	and	 includes	all	Vine	scroll	with	Central	Void	and	Clouds	carpets	
made	 following	 Iranian	 weaving	 traditions.	 Thus,	 establishing	 further	 carpet	




carpet	 knots	 and	 cotton	 for	 the	 foundation	 (warp	 and	 weft).	 Unfortunately,	 it	 was	
impossible	 to	 differentiate	 the	 precise	 animal	 species	 of	 the	wool	 due	 to	 the	 lack	 of	
reference	 materials,	 and	 small	 sample	 amount.	 Moreover,	 the	 examination	 of	 the	
physical	 properties	 of	 the	 fibers	 using	 optical	 microscopy	 did	 not	 enable	 further	
refinement	 beyond	 identifying	 wool	 and	 cotton.	 Thus,	 additional	 methods	 for	 fiber	




colors	 were	 collected	 for	 the	 purpose	 of	 associating	 these	 objects	 with	 specific	
workshop	 locations.	 Over	 800	 carpet	 analyses	 were	 conducted	 and	 the	 results	
analyzed	using	LC-MS	technique	and	interpreted	on	the	basis	of	multivariate	statistical	
analysis.	Dyes	identified	in	red	and	pink	colors	 indicate	the	use	of	red	insect	dyes	for	
carpets	 attributed	 to	 ‘Early	 Safavid’	 and	 ‘Indo-Persian’	 types	 (table	 III.	 7):	 Kerria	 sp.	
alone	or	in	combination	with	Kermes	sp.,	as	well	as	tannins	and	sappanwood.	No	red	
insect	dyes	were	found	 in	the	orange	samples	 from	‘Early	Safavid’	and	 ‘Indo-Persian’	
carpets.	Instead,	oranges	samples	have	a	mixture	of	madder	(Rubia	sp.)	and	a	yellow-




results	 are	 consistent	 with	 previous	 studies	 on	 Iranian	 carpets	 in	 Portuguese	
collections,	 reinforcing	 the	 idea	 that	 this	 color	 combination	 is	 characteristic	 of	 a	
classical	Iranian	palette.1	
By	 contrast,	 the	 number	 of	 dye	 sources	 recognized	 in	 yellow	 colors	 is	
significantly	higher	 than	what	has	been	reported	 to	date	 for	Safavid	carpets.	For	 the	
first	 time,	 results	 from	 yellow	 samples	 suggest	 in	 addition	 to	 weld,	 the	 use	 of	 the	
following	 dyes:	 Euphorbia	 sp.,	 Papaver	 sp.,	 Prangos	 sp.,	 Nonea	 sp.,	 Anacardiaceae,	
Populus	sp.	and	flax-leaved	daphne.		
Additionally,	 sappanwood,	 madder	 and	 tannins	 were	 identified	 in	 a	 large	
number	 of	 these	 yellow	 samples,	which	 indicates	 they	were	 present	 in	 the	 dye-bath,	
presumably	 as	 an	 intentional	 addition	 by	 the	 master	 dyers.	 With	 the	 exception	 of	











‘Indo-Persian’	carpets.	 In	contrast,	 in	 Indian	carpets	tannins	are	 identified	consistently	
in	yellows,	 together	with	young	fustic,	 turmeric	and	flame	of	 the	 forest.	Furthermore,	
such	 combination	 in	 yellows	 appears	 to	 be	 a	 common	 dyeing	 method	 for	 wool	 pile	







the	 past	 decade,	 but	 various	 obstacles	 for	 associating	 dye	 compounds	 with	 specific	
dye-sources	remain,	as	seen	also	in	other	recent	studies.	3	The	colorant	composition	is	
directly	related	to	the	type	of	fiber,	dye,	and	the	different	dyeing	parameters	applied,	
which	 together	 cause	 different	 reactions	 during	 the	 dyeing	 process	 resulting	 in	
different	dye	compositions.		
The	 chromatographic	 results	 obtained	 provide	 a	 window	 into	 ‘Early	 Safavid’,	
‘Indo-Persian’	 and	 Indian	 dyeing	 traditions	 during	 16th	 and	 17th	 centuries.	 The	
different	combinations	of	red	and	yellow	dye-sources	used	together	 in	the	carpets	 in	
this	 study	 support	 the	 existence	 of	 multiple	 dyeing	 practices.	 This	 result	 permits	
differentiation	of	carpet	production	geographically,	namely	to	Iran	or	India,	based	on	
the	 analysis	 of	 their	 dyes.	 Five	 clusters	 of	 objects	 were	 determined	 by	 means	 of	
combined	PCA	analysis	of	the	chromatographic	results	from	54	historical	objects.		
This	study	adds	to	the	group	of	known	dye	sources	previously	documented	to	




of	 sophistication	 of	 carpet	 manufacture	 based	 on	 the	 assortment	 of	 dye	 sources	
selected.	 Furthermore,	 data	 from	materials	 identified	 and	 their	 sources	 and	 stylistic	
data	offer	a	way	to	characterize	production	while	distinguishing	carpet	groups.	
	 The	 results	 show	 that	 Group	 V	 ‘New	 Carpets’	 confirms	 continuity	 between	
dyeing-practices	 from	 the	 Early	 Safavid	 type	 (Group	 III),	 but	 with	 considerable	
innovation	 in	 regard	 to	mixing	yellow	dye	 sources.	 Indeed,	 the	maximum	number	of	
different	 yellow	dye	 sources	used	 in	a	 single	dye	bath	occurs	 in	Group	V.	 Significant	
differences	 are	 also	 observed	 in	 fibers	 and	 designs;	 silk	 in	 Group	 III	 is	 replaced	 by	












This	 expansion	 of	 dyeing	 practices	 and	 designs	 used	 in	 carpet	 manufactures	




analysis	 of	 materials	 and	 design	 can	 be	 used	 to	 further	 understand	 the	 context	







be	of	 immense	 importance	as	has	been	 seen	 for	 the	arts	of	 the	book,	 regarding	 the	
precise	 materials	 and	 working	 methods	 used	 by	 the	 various	 personnel	 involved	 in	
textile	 manufacture,	 in	 particular	 the	 master	 dyer,	 as	 their	 knowledge	 was	 often	
passed	 to	 a	 very	 limited	 number	 of	 individuals,	 and	 often	 transmitted	 only	 among	
family	members.	Moreover,	 it	 is	 important	to	observe	that	the	use	of	a	single	carpet	






	 This	 dissertation	 observes	 the	 rise	 of	 a	 new	 type	of	 carpet	 at	 the	 end	of	 the	
16th	century	under	Shah	Abbas	and	then	a	rapid	expansion	in	production	in	the	middle	
of	 the	 17th	 that	 involves	 considerable	 experimentation.	 In	 the	 first	 phase,	 the	
introduction	of	cotton	represented	a	significant	step	for	decreasing	manufacturing	cost	
to	 create	 more	 affordable	 carpets.	 This	 innovation	 had	 repercussions	 on	 the	 knot	
count	 and	 design,	which	moved	 gradually	 from	 dense	 and	 sophisticated	 patterns	 of	
small-scale	 motifs	 into	 new	 simplified	 compositions	 of	 large-scale	 motifs	 using	 less	
knots.	 This	 decreased	 the	 time	 necessary	 for	 their	 production,	 while	 in	 parallel,	
increasing	 the	 numbers	 of	 carpets	 that	 could	 be	 produced	 in	 the	 same	 time	 and	
making	 large	carpets	easier	and	faster	to	manufacture.	This	 innovation	appears	most	







for	 luxury	 textiles	 from	overseas,5	 spurred	 the	carpet	workshops	 to	experiment.	This	
resulted	 in	 the	 proliferation	 of	 dyeing	 practices	 and	 designs	 used	 for	 carpet	




	 This	 dissertation	 attests	 that	 production	 of	Vine	 scroll	 with	 Central	 Void	 and	




response	 to	 international	 trade.	 It	 stresses	 the	 importance	 of	 multidisciplinary	
methods	 for	 providing	 answers	 to	 the	 study	 of	 historical	 carpets,	 opening	 new	
horizons	around	the	study	of	historical	 textiles.	 In	addition,	 it	encourages	continuous	
development	of	analytical	techniques	to	the	improve	the	study	of	fibers	and	dyes,	and	
the	 examination	 of	 Iranian	 and	 Indian	 sources	 to	 obtain	 further	 information	 on	 the	
precise	materials	and	working	methods	use	in	textile	manufacture	in	the	17th	century.	
In	 the	 future	 it	 would	 be	 interesting	 to	 compare	 the	 observed	 evolution	 in	 carpet	
production	here	with	other	Asian	historical	 textiles	made	for	export,	such	as	Chinese	
and	 Indian	embroideries,	 or	printed,	painted	and	batik	 cottons,	 to	understand	 if	 the	
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